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ABSTRACT 

Background 

Turner syndrome (TS) is the most common sex chromosomal abnormality seen in females 

with the occurrence of 1 in 2500 – 3000 live female births. It is characterized by the absence 

of all or part of a second sex chromosome involving the terminal end of its short arm which 

results in a variety of clinical features. Major clinical features of TS are short stature and 

primary amenorrhoea while features such as short and/or webbed neck, wide carrying angle 

and shield shaped chest are minor manifestations. There are different karyotpe abnormalities 

which cause TS. 45,X, 46,XX/45,X and 46,X, i(X)(q10) are the commonest. Different 

karyotype abnormalities may cause different phenotypic features. In this study the main 

objective was to find out the cytogenetic abnormalities in patients with Turner syndrome in 

Sri Lanka, phenotypic features and the correlation between the cytogenetic abnormalities and 

the phenotypic features in patients with Turner syndrome in Sri Lanka. The second objective 

of the study was to detect mutations in 4 exons out of 15 exons of the PTPN11 (Protein 

Tyrosine Phosphatase Non receptor type 11) gene which is a common gene responsible for 

Noonan syndrome (NS) in Sri Lankan patients who had a clinical diagnosis of TS and whose 

karyotype was found to be normal (46,XX). Noonan syndrome is a major differential 

diagnosis of Turner syndrome as both syndromes share similar phenotypic features. 

Method 

In order to assess patients with Turner syndrome, 33 patients who had an abnormal karyotype 

causing TS were interviewed and examined. Twenty four patients with a clinical phenotype 

of TS, whose karyotype was normal, were screened for mutations in the exon 3, 8, 9 and 13 

of the PTPN11 gene. 
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Results  

The cytogenetic abnormalities were, 13 (39.4%) - 45,X karyotype, 11 (33.3%) - 46, XX/45, 

X karyotype, 5 (15.2%) - 46,X, i(X)(q10) karyotype, 3 (9.1%) - 45,X/46,X, i(X) (q10) 

karyotype and 1 (3%) - X/autosome translocation. The clinical manifestations were more 

severe in the first category than the other categories. Features such as primary amenorrhoea, 

ptosis, low posterior hair line, shield shaped chest and widely spaced nipples showed a 

significant association with the cytogenetic abnormalities. No mutations were found in exons 

(3, 8, 9 and 13) of the PTPN11 gene in patients who had a normal karyotype.         

Conclusion 

In patients with TS features and an abnormal karyotype the clinical features correlated with 

the karyotype. In patients who had a normal karyotype, three sequence variations were found 

in exon 3, 9 and IVS9 (intervening sequence of exon 9 and 10) of PTPN11 gene, out of which 

two needs further investigations to determine the functional significance.  
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1. INTRODUCTION 

1.1 Background of Turner Syndrome 

 Turner syndrome (TS) is the most common sex chromosome abnormality seen in females. It 

is a disorder in females characterized by the absence of all or part of a second sex 

chromosome involving the terminal end of its short arm which results in a variety of clinical 

findings (Sybert et al. 2004; Davenport 2010). TS occur in one out of 2,500 to 3,000 live 

female births. The 45, X karyotype (Monosomy X) accounts for 3% of all conceptions but 

almost 99% of these cases end up in spontaneous abortions. It is said that out of first trimester 

abortions 10 % are due to TS. Maternal age is not a risk factor for TS as it is in Down 

syndrome and also there are no clearly known risk factors. Recurrence in future pregnancies 

is very rare (Morgan 2007).  

1.2 Cytogenetic variation of TS   

Approximately half of the TS patients have 45, X karyotype (Turner monosomy/ classical 

Turner). Chromosome mosaicism (45, X/46, XX) is found in twenty to thirty percent of TS 

patients while the rest arise from structural abnormalities with one normal X and a 

structurally rearranged second X chromosome. These structural abnormalities include 

deletions, duplications, inversions, translocations, isochromosomes and ring chromosomes 

which are associated with chromosomal breaks and significant imbalance of gene content of 

the X chromosome. However, such abnormalities are generally well tolerated because of the 

preferential inactivation of the abnormal X chromosome (Leppig et al. 2001).  

Isochromosome (isoXq) is one of the rearrangements which can occur structurally and it 

consists of duplications of the long arm (q) of the X chromosome with the concurrent loss of 

the short arm (p). There are patients with non mosaic isochromosomes of the chromosome X 

long arm [46,X,i(X)(q10)] and mosaicism of monosomy X and isochromosome Xq both 

(Cetin 2011). Ring formation (rX) is another variant of TS which occurs due to structural 
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rearrangement of the second X chromosome and deletions of the short and long arms of the X 

chromosome (Xp- and Xq-) (Oliveira 2011). 

Other uncommon cytogenetic variation of TS is X/autosome translocations and is associated 

with a variable phenotype including features of TS (Sills et al.).  

1.3 X inactivation 

In mammals, females have two X chromosomes which are rich in genes (1000) and males 

have only one X chromosome and a Y chromosome which contains only few genes (200). 

For the dosage compensation of genes, a phenomenon called X inactivation occurs in cells in 

mammals and this is initiated by X inactivation specific transcript (XIST) gene which is 

transcribed only by the inactive X cells. One X chromosome is randomly inactivated during 

the first week of life, when there are fewer than 200 embryonic cells. This inactivation does 

not occur in all the genes in the second X chromosome. The genes in the pseudo autosomal 

regions (the regions in the X chromosomes which are homologous with the Y chromosome) 

escape inactivation (Gartler 2001). The loss of these genes which escaped inactivation are 

responsible for  the phenotypic manifestations characteristic of Turner syndrome, such as 

short stature (Morgan 2007). In most patients with structural abnormalities of the X 

chromosome, this beneficial effect of X inactivation results in a mild phenotype similar to 

that found in TS patients with the classical 45, X karyotype. However, in cases of ring X 

chromosomes and X/autosome translocations, the incidence of mental retardation and other 

congenital abnormalities has been shown to be significantly higher than in monosomy X TS 

due to failed or partial X inactivation (Davenport ; Leppig et al. 2001). In normal females, 

most genes on one X chromosome are silenced during X inactivation but it has been observed 

that approximately 20% of genes on the inactivated X chromosome escape inactivation 

(Carrel et al. 1999). Despite normal females having a single functioning X chromosome with 

the other X chromosome inactivated through XIST gene, the phenotype of normal females 
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differs significantly from that of TS patients. The reason being that the genes which escape 

inactivation during embryogenesis are thought to play an important role in the development 

of normal female phenotype (Carrel et al. 2005).       

1.4 Pathogenesis of TS 

 Majority of cases with TS (60%) arise due to non-dysjunction during paternal meiosis but no 

risk factors have so far been identified for this chromosomal loss. Increased maternal age has 

not been shown to be a risk factor (Denniston et al. 2004). Although in 80% of patients, the X 

chromosome is from the mother, imprinting has no place in its pathophysiology, as the 

phenotype is not determined by the maternal or paternal origin of the X chromosome. Genetic 

abnormalities in TS are due to the absence of genes on the X chromosome i.e. the phenotypic 

features of TS can be attributed to a haploinsufficiency of genes of the X chromosome which 

escapes inactivation. For example, in patients with TS and deletions at the end of the short 

arm of the X chromosome (Xp-) involving haploinsufficiency of the SHOX (short stature 

homeobox) gene, short stature, skeletal abnormalities like cubitus valgus, Madelung 

deformity and high arched palate can be seen (Oliveira 2011).  

1.5 Clinical Features of Classical TS 

TS may affect many body systems including lymphatic, cardiac, renal, orthopedic, ocular, 

auditory, skin, ovarian development/reproduction, growth and psychosocial development. TS 

patients have a varied phenotypic pattern. The presentation varies throughout a patient’s life 

(Morgan 2007).   Dorsal oedema of hands and feet, low birth weight and reduced length are 

the prominent features seen in neonates with TS. Phenotypic features in children and adults 

include short stature, neck webbing, low posterior hairline, broad chest with apparent widely 

spaced nipples, cubitus valgus (wide carrying angle) and hyper convex fingernails. The facial 

features include small mandible, prominent ears, epicanthic folds and high arched palate. The 
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cardiovascular features include bicuspid aortic valves, aortic coarctation, aortic stenosis, 

mitral valve prolapse, anomalous pulmonary venous drainage and hypertension. Renal 

anomalies include pelvic and horseshoe kidneys, double collecting system and renal agenesis. 

Primary amenorrhoea, infertility and streak ovaries are commonly present. Thyroid 

dysfunction, diabetes mellitus type II, osteoporosis, dyslipidaemia and liver function 

abnormalities are some of the metabolic derangements present in patients with TS. 

Neurological disorders such as sensorineural deafness, delayed motor development and 

delayed language skills can also be seen in these patients. Psychological disorders include 

dependence, delayed emotional maturity and negative body image (Denniston et al. 2004). 

Though the overall IQ (Intelligence Quotient) is normal there are prominent cognitive 

weaknesses in executive and visuospatial functions (Marzelli 2011). There are ocular 

manifestations associated with TS like amblyopia, strabismus, hypermetropia, ptosis and 

bilateral epicanthus (Adhikary 1981). Brunnerova et al. reported the occurrence of strabismus 

and ptosis were higher in TS than in the average population (Brunnerova et al. 2007). 

Mortality in TS in the neonatal period is mainly due to hypoplastic left heart and coarctation 

of the aorta and in adulthood because of cardiovascular disease, particularly aortic dissection. 

Obesity, with associated diabetes mellitus and hypertension, can also contribute to early 

mortality. Limited epidemiologic studies suggest that life expectancy is reduced by about 10 

years (Natowicz et al. 1987). 

1.6 Clinical features of TS variants 

Patients with ring X chromosome show a more severe clinical phenotype including mental 

retardation, limb abnormalities and dysmorphic features (Dennis et al. 1993). However they 

do not show the “classic” TS features such as webbed neck, congenital lymphoedema, 

anteverted ears and epicanthic folds. These features result from in utero lymphoedema which 

normally occurs by 8 weeks’ gestation (Collins et al. 1994). It is said that the ring X 
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chromosome of the mother was most likely transmitted to the newborn. Therefore an ovum 

with the ring X chromosome can be fertile and can produce a viable zygote (Uehara 1997).  

 Isochromosome of the long arm of X chromosome (iXq) is the commonest structural 

aberration found in patients with TS. The definition of an isochromosome is a single 

functional centromere separating two arms which are mirror images of one another. It has 

also been used to designate a broader group of chromosome rearrangements which includes 

isodicentrics and duplications of genetically nonidentical arms (Lorda-Sanchez et al. 1991). 

Kerdanet et al confirmed that  patients with X isochromosome TS have an increased risk of 

developing thyroiditis than the other TS patients (de Kerdanet et al. 1994).  

Patients with X-autosome translocations show features of TS when the breakpoint is in the 

critical region of Xq and especially when the genes which normally escape X inactivation are 

affected (Crocker 1992).    

In addition it is reported that hypothyroidism is more common in patients with mosaic form 

of TS [45,X/46,XX and 45,X/46,Xi(Xq)] (Nazarabadi 2005). 

 

1.7 Genotype - phenotype correlation 

Genotype - phenotype correlation in patients with TS has shown that specific regions of the X 

chromosome are responsible for certain clinical features. SHOX gene located on the short arm 

of X chromosome was one of the earliest discovered regions responsible for the short stature 

and skeletal abnormalities of TS (Belin et al. 1998). Recently it was found that mutations of 

the short stature homeobox gene (SHOX ), was associated with the short stature phenotype in 

patients with TS and most patients with Léri-Weill dyschondrosteosis (Rappold 2002). The 

SHOX gene is located in the pseudoautosomal region 1 (PAR1), which is a 170 kb DNA 

segment, about 500 kb distant from telomeres and located at the end of the short arm of the X 

and Y chromosomes (Xp22.3andYp11.3) (Oliveira 2011).  
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Micrognathia, cubitus valgus, high-arched palate and short metacarpals and metatarsals are 

the main skeletal abnormalities seen in TS which are related to SHOX deletions. Madelung 

deformity which is characterized by shortening and bowing of the radius and dorsal 

dislocation of the distal ulna is only present in 8% of patients. Therefore it is possible to say, 

that patients with short stature, normal karyotype and one or several skeletal abnormalities 

associated with TS can be carriers of the SHOX gene mutations. So far, SHOX expression has 

not been detected in cardiac, renal or vascular organogenesis. It suggests that SHOX gene 

probably has no role in the development of nonskeletal somatic features in the TS phenotype. 

Haploinsufficiency of the SHOX gene also does not cause other clinical manifestations of TS 

such as ovarian failure and lymphoedema.  The cause for higher frequency of middle ear 

infections in patients with SHOX gene deficiency could be due to skeletal abnormalities of the 

outer ear (Oliveira 2011). Morton described the genes located on the X chromosome which 

are responsible for nonspecific mental retardation (MRX1, MRX2, MRX3) (Mental retardation 

X-linked Type 1, 2, 3) (Morton 1992). The correlation between TS phenotype and the other X 

chromosome genes has been described by Davenport (Davenport 2010). In that study he 

reported that low posterior hair line, lymphoedema, nail dysplasia and webbed neck are 

caused due to haploinsufficiency of putative lymphatic gene which is located on the X 

chromosome. Similarly lack of one germ cell survival gene on the X chromosome is 

responsible for infertility, gonadal failure and delayed puberty. There are also several 

unknown genes on the X chromosome, in the absence of which other phenotypes such as 

renal malformations, hypertension, coarctation of aorta, bicuspid aortic valves, increased liver 

enzymes, hypothyroidism and diabetes mellitus can develop (Davenport 2010). 

1.8 Noonan syndrome 

Noonan syndrome (NS) is the main differential diagnosis for TS in the absence of karyotypic 

abnormality. It is a common autosomal dominant disease among children. It has an 
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inheritance with a predominance of maternal transmission. The incidence is estimated to be 

between 1:1000 and 1:2500 live births (Burgt 2007).  Several genes have been associated 

with Noonan syndrome: PTPN11, KRAS (v-ki-ras2 Kirsten rat sarcoma viral oncogene 

homolog.), SOS1 [Son of sevenless homolog1 (Ddrosophila)], RAF1 (v-rat-1 murine 

leukemia viral oncogene homolog1), NRAS [neuroblastoma RAS viral (v-ras) oncogene 

homolog] and SHOC2 (SOC-2 suppressor of clear homolog). Molecular genetic testing of the 

four most common Noonan syndrome genes is available and mutations have been identified 

in PTPN11 in about 50%, KRAS in about <5%, SOS1 in about 15% and RAF in 3 – 17%. 

Genotype – phenotype correlations have been reported. Short stature, which is the universal 

feature of TS, is also a feature of NS due to mutations in PTPN11 gene (Yoshida et al. 2004). 

1.8.1 Clinical Features of NS 

Noonan syndrome affects multiple systems but is often under diagnosed due to its variable 

features and characteristic clinical symptoms which are similar to TS (van der Burgt 2007). 

The facial appearance of NS shows considerable change with age, being most striking in the 

newborn period and middle childhood, and most subtle in the adult.  In the neonates facial 

features include, tall forehead, hypertelorism with downslanting palpebral fissures, low-set, 

posteriorly rotated ears with a thickened helix, a deeply grooved philtrum with high, wide 

peaks to the vermillion border of the upper lip, and a short neck with excess nuchal skin and 

low posterior hairline. In infancy the main distinctive features are prominent eyes with 

horizontal fissures, hypertelorism, and thickened eye lids. The nose is depressed at the root, 

while the tip is bulbous. By childhood a myopathic appearance emerges with a lack of 

expression and in adolescence a facial shape of an inverted triangle is found with eyes less 

prominent and lengthening of the neck. By adulthood the skin appears transparent and 

wrinkle (Romano et al.). 
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Reduced adult height is a feature in Noonan syndrome with 50 – 70 % of individuals 

achieving the lower limit of normal. Many affected individuals have a normal length at birth 

but achieve a short adult height, due to abnormal growth hormone levels (Otten et al. 2009). 

Skeletal malformations are a feature of Noonan syndrome with pectus carinatum, pectus 

excavatum and scoliosis of the spine. Congenital heart disease occurs in 50%-80% of 

individuals. Pulmonary valve stenosis, often with dysplasia, is the most common heart defect 

and is found in 20%-50% of individuals. Hypertrophic cardiomyopathy, found in 20%-30% 

of individuals, may be present at birth or develop in infancy or childhood. Other structural 

defects include atrial and ventricular septal defects, branch pulmonary artery stenosis, and 

tetralogy of Fallot (Noonan 2006). 

Coagulation screens such as prothrombin time, activated partial thromboplastin time, platelet 

count, and bleeding time may show abnormalities. Specific testing should identify the 

particular coagulation defect, such as von Willebrand disease, thrombocytopenia, varied 

coagulation factor defects (factors V, VIII, XI, XII, protein C), and platelet dysfunction. 

Presentation may be with nose bleeds, bruising or prolonged bleeding following injury or 

surgery. Menorragia may be present in females with Noonan syndrome (Derbent et al. 2010). 

Adolescent males with Noonan syndrome typically experience delayed puberty. Affected 

individuals go through puberty starting at age 13 or 14 and have a reduced pubertal growth 

spurt. Most males with Noonan syndrome have cryptorchidism, which may be related to 

delayed puberty or to infertility later in life (Jorge et al. 2009). Females with Noonan 

syndrome typically have normal or delayed puberty and fertility will not be affected usually 

(van der Burgt 2007). 

Noonan syndrome can cause a variety of other signs and symptoms. Most children diagnosed 

with Noonan syndrome have normal intelligence, but a small percentage has special 
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educational needs (10-15%), and some have intellectual disability (25%). Articulation 

deficiency is common (72%) but usually responds well to speech therapy. Language delay 

may be related to hearing loss, perceptual motor disabilities, or articulation deficiencies.  

Infants with Noonan syndrome may be born with puffy hands and feet caused by 

lymphoedema. Older individuals can also develop lymphedema, usually in the ankles and 

lower legs (van der Burgt 2007). 

1.8.2 Etiology of NS 

NS may occur sporadically and also inherited in an autosomal dominant pattern with a 

predominance of maternal transmission (van der Burgt 2007). 

The genetic basis of NS is said to be the heterozygous gain-of-function mutations in various 

genes encoding proteins of the Ras-MAPK (Mitogen-activated protein kinase) signaling 

cascade (Zenker 2007).     

It is said that missense mutations in the PTPN11 gene on chromosome 12 (12q24) account 

for approximately 50% of NS cases. This is an enzyme which involved in a wide variety of 

intracellular signalcascades down-stream to receptors for growth factors, cytokines, and 

hormones and is required in several developmental processes. The configuration of SHP-2 is 

described as two src homology 2 domains, N-SH2 and C-SH2, at the amino terminus, a single 

central phosphatase domain (PTP) and a carboxy-terminal tail. Functionally, the N-SH2 and 

PTP interdomain interaction controls the switching of the SHP-2 protein between its active 

and inactive state. The majority of mutations associated with NS affect such interaction 

destabilizing the catalytically inactive conformation of the protein. This results in a gain of 

function of SHP-2. It is reported that there is a clustering of mutations within the N-SH2 

domain (exon 3) and PTP-domain (exons 7, 8, and 13), with the c.922 A>G substitution 

(Asn308Asp) being the most common mutation (Tartaglia 2002; Jongmans 2005). 
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Zenker et al confirmed that SOS1, the gene encoding a guanine nucleotide exchange factor 

for Ras, is the second major gene for NS. Patients who carry mutations in this gene have 

characteristic features with frequent ectodermal anomalies such as keratosis pilaris and curly 

hair but generally normal development and linear growth (Tartaglia et al. 2007; Zenker 

2007). 

1.8.3 Genotype – phenotype correlation 

A study by Tartaglia et al 2001, has suggested that individuals with Noonan syndrome due to 

mutations in PTPN11 gene have a higher incidence of pulmonary valve stenosis (Tartaglia et 

al. 2001). However hypertrophic cardiomyopathy is less prevalent in those with mutations in 

this gene. Additionally studies have shown links between PTPN11 gene mutations and 

phenotypic features such as short stature, pectus deformity, easy bruising and characteristic 

facial appearance (Zenker et al. 2004). 

It was postulated that due to the presence of post- receptor signaling defects resistance to 

growth hormone therapy caused lack of response to short-term growth hormone (GH) 

treatment in PTPN11 mutation-positive individuals. However it has now been proven that 

individuals with a PTPN11 mutation present with more severe short stature and, therefore, 

reach a lower final height despite a similar height gain due to therapy (Noordam et al. 2008). 

RAF1 gene had a striking correlation with hypertrophic cardiomyopathy, with 95% of 

individuals with mutations in this gene showing this feature while only 18% of those with NS 

without the mutation having this feature. One third of individuals with NS also presented 

with multiple nevi, lentigines, and/or café au lait spots (Pandit et al. 2007). Those with a 

mutation in the KRAS gene showed a greater degree of intellectual deterioration than others 

with NS without this mutation. 
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1.9 Justification 

TS is a social burden to a family because of the phenotype of those patients and their inability 

to attain menarche and have children. Even though there are many other problems associated 

with TS, those are the main worries of the patients and their families in Sri Lanka. It will be a 

benefit for the patient if we could give the correlation between the cytogenetic abnormality 

and the clinical features, to the patients with the genetic diagnosis. That will help them to 

diagnose other medical and surgical problems associated with TS early and take appropriate 

action. So far characterization of cytogenetic abnormalities in patients with TS has not been 

done in Sri Lanka. An important aspect of this study is the identification of the genetic 

abnormalities and the genotype-phenotype correlations associated with TS in Sri Lankan 

patients. This will facilitate early genetic diagnosis, provide accurate genetic counselling and 

guide appropriate treatment. Molecular genetic testing to identify NS which is the main 

differential diagnosis of TS is still not available in Sri Lanka. As a start, 4 out of 15 exons of 

the PTPN11 gene which is a common gene causing NS will be screened in this study. The 

selected exons have the highest frequency of reported mutations (hot spots).  The PTPN11 

gene defects that would be identified would enable genetic diagnosis to be made in patients 

whose karyotypes do not indicate TS. This would also enable proper genetic counselling and 

long term management of such patients.  

1.10 Objectives 

Main objective of this study is to identify the cytogenetic variations of TS and correlate them 

with the phenotypic pattern of the patients.  

• To determine the genetic etiology in patients with TS 

• To examine phenotypic pattern in patients with TS 

• To correlate the genetic etiology with the clinical phenotype in patients with TS 
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• To determine PTPN11 gene mutation in patients whose karyotype does not 

indicate TS 
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2. METHODOLOGY 

All the methods used for the investigation will be discussed in this chapter. That includes 

ethical considerations, recruitment of the patients, the clinical examination, methods of 

analysis of the PTPN11 gene mutation and statistical analysis of the results. 

2.1 Ethical considerations 

This study was conducted according to the Declaration of Helsinki (2008) and received 

ethical clearance from the Ethics Review Committee (ERC) of the Faculty of Medicine, 

University of Colombo, Sri Lanka. This study has social value because it helps to the 

advancement of the knowledge on the cytogenetic variation in TS and their phenotypic 

correlation  that will be useful in the future practice of clinical genetics and genetic 

counselling in Sri Lanka. The study was designed appropriately to ensure scientific validity. 

The study was open to all patients with a clinical diagnosis of TS and thus, there was fair 

participant selection. Appropriate measures were taken to ensure that consent was obtained in 

an ethical manner from all study participants. Written informed consent was obtained from all 

study participants using consent forms in Sinhala and Tamil languages. In the case of 

children, written informed consent was obtained from the parents or in the absence of the 

parents, proxy consent was obtained from the child’s guardian. Each participant was given an 

information sheet which included details about the study and a consent form to be read and 

signed before participating in the study. All study participants or in the case of children, their 

parents/guardians were able to read and understand the information and make a voluntary 

decision to participate in the study. If the participants/parents/guardians had any questions 

about the study, they were answered before signing the consent form. Every participant was 

informed that they are free to withdraw his/her consent to participate in the study at any time, 

with no penalty or effect on medical care or loss of benefits. All participants were given 

contact details of the investigators and the ERC for clarification of any doubts about the 
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study. To ensure privacy, the participants/parents/guardians were interviewed privately in the 

genetic counselling room at HGU and they were able to discuss privately with the 

investigators without the presence of others. Written informed consent was obtained after 

providing the necessary information and giving them time to make a decision in private. All 

adult study participants were examined in the privacy of the examination room at HGU. The 

data collection booklet was designed to protect confidentiality of information gathered. Soon 

after collecting the personal information, the identification page was removed and filed 

separately. The only identification number in the rest of the booklet was a coded subject 

study number. That could not be linked to an individual without the page containing the 

personal information and that was kept separately locked by the principal investigator.  The 

electronic database containing the data only had the subject study number which ensures 

confidentiality. The database and the computer containing the database were password 

protected. These measures ensured that confidentiality was highly protected. Any information 

was not released or published by which the participants can be identified. The data were not 

used in a way that the participants would be identified in any public presentation or 

publication. 

The minimal risk of pain or minor bruising at the venepuncture site was minimized by 

performing the venepuncture by a trained phlebotomist under aseptic conditions. There was a 

direct benefit to some study participants by participating in this study. They would become 

aware whether they have a genetic mutation in the PTPN11 gene and associated genetic risk. 

As genetic testing for this disorder is not freely available in Sri Lanka, this knowledge would 

be valuable to the patients. The patients who had a genetic diagnosis of TS were examined 

thoroughly to get their phenotypic pattern and they were benefitted by that many of them had 

undiagnosed defects as they were not followed up properly. In addition, study participants 

and parents/guardians would receive genetic counselling based on the results of the genetic 
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tests and would be referred for further long term management accordingly. This study would 

contribute to increasing knowledge on cytogenetic abnormalities and the phenotypic 

correlation in Sri Lankan patients with TS and the mutations in PTPN11 gene. In addition, 

there was also the benefit of identifying a genotype-phenotype correlation in patients with NS 

that will be useful in the future practice of clinical genetics and genetic counseling. When the 

common genetic defects causing NS in Sri Lankan patients are known, it will be possible in 

future to develop cheap genetic tests suitable for use in Sri Lanka to diagnose this disorder. 

Once results of this study are published, a written summary of the results, in lay language 

would be posted to all participants. The samples and data would be stored for future use after 

the completion of the study for further studies in NS. Appropriate consent would be obtained 

for this purpose and such studies would be subject to ethics review prior to commencement. 

2.2 Recruitment of subjects 

This was a descriptive study and 57 patients with a clinical diagnosis of TS were recruited 

retrospectively. They were identified from the clinical records of the patient database 

maintained at the HGU from January 2006 onwards. They were contacted via phone/mail and 

the information sheets were given to them. Those who gave informed consent were recruited 

into the study.  

 2.2.1 Study participants 

2.2.1.1. Inclusion Criteria  

Patients who met all of the following criteria were recruited into the study. 

• Phenotypic Sex – Females with a clinical diagnosis of  TS  

• Ability to provide written informed consent or in the case of children, the        

availability of a parent/guardian who can provide written informed consent.   



22 

 

2.2.1.2. Exclusion Criteria 

Participants who met any of the following criteria were excluded from the study. 

• Patients who are unable to provide written informed consent.  

• Children with parents or guardians who are unable to provide written informed 

consent. 

2.3 Clinical Evaluation  

At recruitment study participants or in the case of children, parents/guardians were personally 

interviewed by the principal investigator to obtain demographic and clinical data. Complete 

medical, surgical and gynaecological history was obtained from each participant. Additional 

clinical data was also gathered by examining the participants’ medical records. The family 

pedigree included familial background up to 3 generations whenever possible. Detailed 

family history was documented regarding family history of short stature, primary 

amenorrhoea, secondary amenorrhoea and subfertility in other siblings, family members or 

relatives. Complete physical examination of all the patients was done. Height/ length of all 

the patients were measured and stature was categorized into normal or short stature using 

standard height for age charts. Height less than the 10
th

 centile was taken as short stature. All 

the patients were tested for strabismus by cover uncover test and for colour vision by Ishihara 

charts. Visual acuity was checked by the use of Snellen’s chart. Gross hearing assessment 

was performed on each patient to test the hearing status. Development of breasts and 

secondary sexual features such as pubic hair were classified according to Tanner stages. In 

view of testing cognitive function and visual spatial skills, Mini Mental State Examination 

(MMSE) and executive function screen including Clock Drawing Test was performed.  



23 

 

2.4 Biological samples and genetic testing 

2ml of blood was taken from the patients whose karyotypes did not indicate TS. Blood was 

not taken from the patients who have a TS positive karyotype. These blood samples were 

stored at -80°C. DNA was then extracted from the samples and molecular genetic tests were 

performed. These tests included Polymerase Chain Reaction and DNA sequencing of the 

PTPN11 gene according to published methods (Kosaki et al. 2002). 

2.4.1 DNA extraction 

Blood from the 24 patients whose karyotypes were negative for Turner syndrome was 

collected into EDTA containing tubes and stored at -80°C prior to DNA extraction. DNA 

extraction was done using Promega Wizard® Genomic DNA purification kit according to the 

manufacturer’s protocol as follows: 300 µl of whole blood was added to 900 µl of cell lysis 

solution. The mixture was incubated for 10 minutes at room temperature to lyse the red blood 

cells. Following incubation, the mixture was centrifuged briefly at 14,000 rpm for 20 

seconds. Then the supernatant was discarded without disturbing the white pellet formed. This 

was followed by vigorous vortexing for about 10-15 seconds until the white blood cells were 

resuspended. Next 300 µl of nuclei lysis solution was added to the microcentrifuge tubes 

containing the resuspended cells. This solution was pipetted 5-6 times to lyse the white blood 

cells. The extraction process was continued by adding 1.5 µl of RNase solution to the nuclear 

lysate, incubating at 37°C in a water bath for 15 minutes and by cooling back to room 

temperature. This was then followed by adding 100 µl of protein precipitation solution and 

vortexting vigorously for 10-20 seconds. This was followed by centrifugation at 14,000 rpm 

for 3 minutes and the supernatant was transferred to 1.5µl microcentrifuge tubes containing 

300 µl of room temperature isopropanol. This mixture was then gently mixed until thread-like 

strands of DNA form a visible mass. This was again centrifuged at 14,000 rpm for 1 minute 

and the supernatant was discarded. Next 300 µl of room temperature 70% ethanol was added 



24 

 

to the DNA and the tubes were gently inverted to wash the DNA pellet and the sides of the 

microcentrifuge tubes. Then the ethanol was carefully aspirated and the tubes were inverted 

on clean absorbent paper and the pellets were air-dried overnight. Lastly, 100 µl of DNA 

rehydration solution was added to the microcentrifuge tubes containing DNA and the DNA 

was rehydrated by incubating the solution one hour at 65°C. The eluted DNA samples were 

labeled and stored at -20°C. These samples were used for PCR experiments and that will be 

described next. 

2.4.2 Polymerase chain reaction  

Amplification of selected DNA segments of interest was done using the polymerase chain 

reaction (PCR). PCR amplification involves simultaneous primer extension on 

complementary strands of DNA with two oligonucleotide primers which are specific to each 

strand flanking the genomic region to be amplified. This was carried out using thermostable 

Taq DNA polymerase enzyme in the presence of deoxynucleotides and a reaction buffer 

containing Mg
2+

. All PCR primers and buffers used in these investigations were from 

Integrated DNA Technologies (IDT) USA.  

Out of 15 exons of the PTPN11 gene primers were designed to amplify four exons (3, 8, 9, 

and 13). 

Primer pairs to amplify exons of PTPN11 were shown in this table below. (Table 2.1) 

(Tartaglia 2002) 

Primer pairs and annealing temperatures used to amplify exons of PTPN11 gene and sizes of 

PCR products are shown in this table below (Table 2.1). Adapted from Tartaglia et al. (2002) 

“PTPN11 Mutations in NS: Molecular spectrum, Genotype – Phenotype correlation, and 

Phenotypic Heterogeneity.” Am. J. Hum. Genet. 70:1555-1563 2002 
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Exon Forward primer Reverse primer Size 

(bp) 

Annealing 

temperature 

(C) 

3 

 

NS5 
CTTGCCTCCCTTTCCAATGG

AC  

NS6 
GCATTTCTGACACTC

AGGGCAC 

290 58 

8 

 

NS15 
GACTAGGCTGGGGAGTAAC

TG 

NS16 
GCTAGAAATTTAGG

AAGAAAATCCTTCA

AACACC 

294 58 

9 

 

NS17 
CAGTGTTTTCTGACCATACA

TTTCTAGCC 

NS18 
CATGGCCAATCTGAC

ATGTCTGATAC 

337 58 

13 

 

NS25 
GTCTCTGAGTCCACTAAAA

GTTGTGC 

NS26 
AGCGTATCCAAGAG

GCCTAGC 

303 58 

 

First, 100ng of genomic DNA was amplified using PCR in a 25 µl volume containing, 200 

µM of each deoxynucleotides (dNTPs: dATP, dCTP, dGTP and dTTP), 0.5 µM of each 

forward and reverse primer, 2.5 mM MgCl2, 1U GoTaq DNA polymerase enzyme (Promega), 

PCR Buffer. PCR amplification included repeated cycles of heat which were performed in a 

thermal cycler (ABI 2720) with the following conditions: following initial denaturation at 

94°C for 5 min, amplification was performed using 35 cycles at 94°C for 40 s, annealing for 

40 s under the optimised temperature, and extension at 72°C for 60 s and final extension 

72°C for 10 minutes. No template control was included in the PCR analysis to rule out 

carryover contamination. At the end of the process the presence of amplified PCR products 

were confirmed by subjecting agarose gel electrophoresis. 

2.4.3 Agarose gel electrophoresis 

Electrophoresis through agarose is the standard method used to separate and identify DNA 

fragments. This was performed by moving negatively charged DNA molecules towards the 

anode through an agarose gel under the electric field. The location of the amplified PCR 

product within the agarose gel was determined directly by staining with low concentrations of 

ethidium bromide dye which intercalates with DNA as it fluoresces when examined under 
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UV transilluminator. Agarose gels were prepared by mixing an appropriate volume of 1x 

TBE buffer and an appropriate amount of molecular biology grade agarose. This helps to 

obtain the correct percentage gel (weight/volume). 0.5 µg/ml of ethidium bromide was also 

added to each gel. Gels were poured into gel casting trays fixed with combs with the desired 

number of wells and allowed to set at room temperature. When the gels were set it was 

submerged in 1x TBE buffer and the PCR products which were mixed with gel loading dye 

were loaded into the wells of the agarose gel along with the 100bp marker. The gel 

electrophoresis was carried out using an appropriate level of current. Subsequently the PCR 

products were visualized by observing the agarose gel under the UV transilluminator. This 

should give a single band if the PCR has worked as expected and has amplified a single 

segment of the target DNA.  

2.4.4 Automated sequencing 

The PCR products were purified using ExonucleaseI (ExoI) and Shrimp Alkaline 

Phosphatase (SAP) (Fermentas) according to the manufactures instructions. The DNA 

sequencing was performed with the PCR primers using the ABI PRISM BigDye® 

Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA). Sequencing 

fragments were purified using Centriflex® gel filtration cartridge Edge Biosystem (USA). 

Sequences of the purified products were analyzed using an ABI 3130 Genetic Analyzer. This 

system works on the basis of the Sanger dideoxy chain termination principle. It contains four 

ddNTPs with different fluorescence labels and AmpliTaq® DNA polymerase. At the end of 

the reaction PCR products of varying sizes all terminating with a fluorescent-labelled dideoxy 

nucleotide are generated. The sequence is then read out automatically by capillary 

electrophoresis of cycle sequencing products through an automated sequencing machine. 

DNA sequencing analysis was done using Chromas Lite 2.01 software. 
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2.5 Software tools and electronic database information 

At recruitment all the patients were interviewed and examined. Their clinical features, birth 

history, past medical and surgical history, family history and all the investigation reports 

were entered into an electronic data base. Personal data of the patients were kept separately 

from the data base and it was maintained only by the investigators to secure confidentiality. 

Gen Bank at the National Centre for Biotechnology Information (NCBI), USA was searched 

to obtain DNA sequences and gene mapping information which is a free database that can 

be accessed online by URL: http://www.ncbi.nlm.nih.gov. The support from the already 

existing data bases related to PTPN11 mutation were taken to detect mutations. The Human 

Genome Mutation Database (http://www.hgmd.cf.ac.uk/ac/gene.php?gene=PTPN11), the 

Human Genome Variation Database (http://www.hgvs.org/dblist/dblist.html), Uniprot 

(http://www.uniprot.org/) and PTPN11 base mutation browser 

(http://bioinf.uta.fi/PTPN11base/index.php?content=pubs/SH2) were     referred to detect 

previously reported mutations. 

UCSC Genome Browser BLAT tool (http://genome.ucsc.edu/cgi-bin/hgBlat?command=start) 

was used to align the reference sequences of unreported mutations. A tool which predicts 

possible impact of an amino acid substitution on the structure and function of a human 

protein named PolyPhen-2 (Polymorphism Phenotyping version 2) 

(http://genetics.bwh.harvard.edu/pph2/) was used to identify the significance of the mutations 

found by sequencing. 

2.6 Statistical methods 

Phenotypic data which were entered directly into a database were manually verified for 

errors. In the phenotypic analysis, summary values were presented as mean [standard 

deviation (SD)] when data were normally distributed and as median when not. The statistical 
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significance of the frequency was analyzed by Fisher’s exact probability test and P < 0.05 

was considered significant. 
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3.  RESULTS 

3.1 Demographic characteristics 

Thirty three patients with a genetic diagnosis of TS were examined. Their ages varied from 1 

year to 28 years. Ages were calculated from their date of birth to the date of presentation for 

karyotyping at the Human Genetics Unit. Mean age at presentation was 14.6 (SD+ 7.6) years 

and the median age was 15 years. Age group distribution of TS patients is shown in Figure 

3.1. Highest percentage was in the 11 - 15 age group (33.3%) followed by the 16 - 20 age 

group (24.2%) 

 

Figure 3.1: Age group distribution of Turner syndrome patients 

 

Out of the 33 patients, 27 patients (81.8%) had the indication for karyotyping as suspected 

Turner syndrome. Turner mosaicism was the indication for karyotyping in 2 patients (6.1%). 

Three patients (9.1%) had the indication as primary amenorrhoea. Only 1 patient (3%) had 

the indication as secondary amenorrhoea.  
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3.2 Genetic etiology of TS 

The cytogenetic abnormalities of the study population are shown in Figure 3.2. Out of the 33 

patients, Monosomy X (45,X) karyotype constituted the highest percentage (39.4%) followed 

by 46, XX/45,X (Turner mosaic) (33.3%). 

 

 

Figure 3.2: Percentage distribution of the cytogenetic abnormalities in patients with 

Turner syndrome 

 

 

 

 

 

 

 

 



 

The karyograms identified in this study

A karyogram of a patient with classical TS (

Figure 3.3: Karyogram of a patient with classical TS

 Figure 3.4 shows a karyogram of a patient with Turner mos

Figure 3.4: Karyogram of a patient with mosaic TS

 

 

 

The karyograms identified in this study are shown in the following figures.

karyogram of a patient with classical TS (Monosomy X/ 45,X) is shown in Figure 3.3

Figure 3.3: Karyogram of a patient with classical TS

Figure 3.4 shows a karyogram of a patient with Turner mosaicism (46, XX

Figure 3.4: Karyogram of a patient with mosaic TS 
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are shown in the following figures. 

is shown in Figure 3.3. 

 

Figure 3.3: Karyogram of a patient with classical TS 

, XX/45, X). 

 

 



 

Figure 3.5 shows a karyogram of a patient with Isochromosome TS [

Figure 3.5: A karyogram of a patient with Isochromosome TS

Figure 3.6 shows a karyogram of a patient with 

Monosomy X. 

Figure 3.6: A karyogram of a patient with Turner mosaicism for X isochromosome and 

Figure 3.7 shows the karyogram of the patient with a translocation between chromosome X 

and an autosome. Chromosome 13 is suspected to be the autosome involved in the 

Figure 3.5 shows a karyogram of a patient with Isochromosome TS [46, X, i(X) (q10)]

Figure 3.5: A karyogram of a patient with Isochromosome TS

Figure 3.6 shows a karyogram of a patient with Turner mosaicism for X isochromosome and

Figure 3.6: A karyogram of a patient with Turner mosaicism for X isochromosome and 

Monosomy X 

Figure 3.7 shows the karyogram of the patient with a translocation between chromosome X 

and an autosome. Chromosome 13 is suspected to be the autosome involved in the 
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46, X, i(X) (q10)]. 

 

Figure 3.5: A karyogram of a patient with Isochromosome TS 

Turner mosaicism for X isochromosome and 

 

Figure 3.6: A karyogram of a patient with Turner mosaicism for X isochromosome and 

Figure 3.7 shows the karyogram of the patient with a translocation between chromosome X 

and an autosome. Chromosome 13 is suspected to be the autosome involved in the 



 

translocation. This is to be further characterized using advanced molecular cytogenetic 

techniques.  

Figure 3.7: The karyogram of the patient who had a translocation between chromosome 

3.3 Phenotypic pattern of TS

No patient had a family history of short stature, primary amenorrhea or subfertility. Only 2 

(6.1%) patients had consanguineous parents. 

Ante natal ultra sound scan was done in only 8 patients (24.2%). Out of those 8 patients, 

horse shoe kidney was detected in one patient and other features like cardiac defects and 

cystic hygroma were not detected.  

Phenotypic features were categorized according to the age periods

natal, childhood and adolescen

shows the percentage distribution of the features seen in the

around the neck was the most common feature seen 

translocation. This is to be further characterized using advanced molecular cytogenetic 

Figure 3.7: The karyogram of the patient who had a translocation between chromosome 

X and an autosome 

Phenotypic pattern of TS 

No patient had a family history of short stature, primary amenorrhea or subfertility. Only 2 

(6.1%) patients had consanguineous parents.  

scan was done in only 8 patients (24.2%). Out of those 8 patients, 

horse shoe kidney was detected in one patient and other features like cardiac defects and 

cystic hygroma were not detected.   

categorized according to the age periods they manifest

adolescent period. These are summarized in tables as follows.

distribution of the features seen in the post natal period. 

und the neck was the most common feature seen in this period. 
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Figure 3.7: The karyogram of the patient who had a translocation between chromosome 

No patient had a family history of short stature, primary amenorrhea or subfertility. Only 2 

scan was done in only 8 patients (24.2%). Out of those 8 patients, 

horse shoe kidney was detected in one patient and other features like cardiac defects and 

they manifested i.e. post 

summarized in tables as follows. Table 3.1 

post natal period. Extra skin 



34 

 

Table 3.1: Percentage distribution of post natal phenotypic features 

Phenotypic feature frequency percentage 

Dorsal oedema of the hands and feet 3 9.1% 

Extra skin around the neck 4 12.1% 

Cystic hygroma 1 3% 

 

Table 3.2 summarizes the percentage distribution of features manifesting during childhood.  

Short stature (81.8%), webbed neck (57.5%), and high arched palate (90.9%) were the most 

common features seen in childhood.  
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Table 3.2 Percentage distribution of childhood phenotypic features 

Phenotypic feature frequency percentage 

Short stature  27 81.8% 

Webbed neck 19 57.5% 

Low posterior hairline 13 39.4% 

High arched palate 30 90.9% 

Low set ears 7 21.2% 

Prominent ears 6 18.2% 

Strabismus  5 15.2% 

Ptosis  4 12.1% 

Ptosis and strabismus 2 6.1% 

Epicanthal folds 2 6.1% 

Short fingers and toes 8 24.2% 

Short 4
th

 metatarsal bone 9 27.3% 

Short 4
th

 metacarpal bone 2 6.1% 

Wide carrying angle  27 81.8% 

Hyper convex nails 7 21.2% 
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In Table 3.3 the features manifesting during adolescence are summarized. There is an 

overlapping between the features manifesting during childhood and adolescence. The 

commonest manifestation during adolescence was primary amennorhoea found in 75.8%. 

Table 3.3: Percentage distribution of features seen in adolescence 

Phenotypic feature Frequency Percentage 

Primary amenorrhoea 25 75.8% 

Shield shaped chest 23 69.7% 

Widely spaced nipples 24 72.7% 

 

Other than the phenotypic manifestations, medical problems which are commonly found in 

TS were also recorded. They are listed in Table 3.4. 

Table 3.4: Percentage distribution of medical problems seen in TS patients 

Medical problem Frequency Percentage 

Middle ear infections 11 33.3% 

Frequent urinary tract infections 4 12.1% 

Vision impairment 7 21.2% 

Bone fractures 2 6.1% 

 

Hearing problems and multiple pigmented naevi were not seen in any of the patients. Among 

the study population only 7 (21.2%) patients had hyper convex nails and other 26 (78.8%) 

patients had normal nails. Although endocrine disorders such as diabetes mellitus (DM) and 

hypothyroidism are common in TS, none of the patients in this study had diabetes mellitus. 

Only five patients (15.2%) had hypothyroidism and were on thyroxine. Cognitive functions 

were measured by assessing visual spatial skills using the clock drawing test. Out of the 33 

patients, 5 were not able to perform the test. Out of 28 who performed the test, 14 (50%) 
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patients were normal and the other half were cognitively impaired.  There was bilateral 

impairment of visual acuity in 10 (30.3%) patients and unilateral in 3 (9.1%) patients. 

Ultrasonically normal uterus was seen in only 8 (24.2%) patients and normal ovaries were 

seen in only 6 (18.2%) patients. None of the patients had undergone testing for antithyroid 

antibodies. Echocardiography was performed in 19 patients. Cardiac abnormalities were 

detected in 5 (15.2%) patients while in 14 (42.4%) it was normal. The detected abnormalities 

were aortic stenosis with mild aortic regurgitation, mitral valve prolapse, ventricular septal 

defect, atrial septal defect and bicuspid aortic valve. 

3.4. Variation between the genetic etiology and the clinical phenotype 

Frequencies of phenotypic features according to the cytogenetic abnormality are summarized 

in following tables. 

Table 3.5 shows the percentage distribution of cytogenetic abnormality of post natal features. 

Table 3.5: Percentage distribution of cytogenetic abnormality associated with post natal 

features 

Karyotype  Dorsal oedema of the 

hands and feet 

Extra skin around 

the neck 

Cystic hygroma 

45,X  3 (100%) 3 (75%0) 1 (100%) 

46,XX/45,X 0 0 0 

46,X,i(X)(q10)  0 0 0 

46,X,i(X)(q10)/45,X 0 0 0 

X/autosome 

translocation 

0 1(25%) 0 

Total 100% 100% 100% 
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Among 19 patients who had a webbed neck, 10 (52.6%) were from the classical Turner group 

followed by Turner mosaic and patients with isochromosome Xq TS. Table 3.6 shows the 

percentage distribution of webbed neck according to the karyotype. 

 

Table 3.6: Percentage distribution of patients with webbed neck according to the 

cytogenetic abnormality 

Karyotype  Webbed neck 

45,X  10(52.6%) 

46,XX/45,X 8(42.1%) 

46,X,i(X)(q10)  1(5.3%) 

46,X,i(X)(q10)/45,X 
0 

X/autosome translocation 0 

Total  19(100%) 

 

 

Table 3.7 shows the height for age distribution in patients with TS according to the 

cytogenetic abnormality. 
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Table 3.7: Percentage distribution of patients with short stature and normal stature 

according to the cytogenetic abnormality 

Karyotype  Short stature  Normal 

45,X  12(44.4%) 1(16.7%) 

46,XX/45,X 6(22.2%) 5(83.3%) 

46,X,i(X)(q10)  5(18.5%) 0 

46,X,i(X)(q10)/45,X 3(11.1%) 0 

X/autosome translocation 1(3.7%) 0 

Total  100% 100% 

 

Table 3.8 shows the distribution of facial features according to the karyotype. 

Table 3.8: Percentage distribution of patients with facial features according to the 

cytogenetic abnormality 

Karyotype  Low posterior 

hairline 

High arched 

palate 

Low set 

ears 

Prominent 

ears 

45,X  9(69.2%) 13(43.3%) 1(14.3%) 4(66.7%) 

46,XX/45,X 2(15.4%) 10(33.3%) 5(71.4%) 1(16.7%) 

46,X,i(X)(q10)  1(7.7%) 4(13.3%) 1(14.3%) 0 

46,X,i(X)(q10)/45,X 0 2(6.7%) 0 1(16.7%) 

X/autosome 

translocation 

1(7.7%) 1(3.3%) 0 0 

Total 100% 100% 100% 100% 
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Table 3.9 shows the distribution of ophthalmic features according to the karyotype 

Table 3.9: Percentage distribution of patients with ophthalmic features according to the 

cytogenetic abnormality 

Karyotype  Strabismus  Ptosis Ptosis and strabismus Epicanthal folds 

 

45,X  

 

2(40%) 

 

4(100%) 

 

1(50%) 

 

2(100%) 

46,XX/45,X 2(40%) 0 0 0 

46,X,i(X)(q10)  0 0 1(50%) 0 

46,X,i(X)(q10)/45,X 0 0 0 0 

X/autosome 

translocation 

1(20%) 0 0 0 

Total  100% 100% 100% 100% 

 

Table 3.10 summarizes the percentage distribution of orthopedic features according to the 

karyotype in patients with TS. Patients with classical TS had the highest percentage of 

orthopedic features followed by Turner mosaics.  
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Table 3.10: Percentage distribution of orthopedic features according to the cytogenetic 

abnormality in patients with TS  

Karyotype  Short fingers 

and toes 

Short 4
th

 

metatarsal 

bone 

Short 4
th

 

metacarpal 

bone 

Wide 

carrying 

angle  

Madelung 

deformity 

45,X  3(42.9%) 4(44.4%) 1(50%) 12(44.4%) 0 

46,XX/45,X 2(28.6%) 3(33.3%) 1(50%) 7(25.9%) 0 

46,X,i(X)(q10)  1(14.3%) 0 0 4(14.8%) 0 

46,X,i(X)(q10)/45,X 1(14.3%) 2(22.2%) 0 3(11.1%) 0 

X/autosome 

translocation 

0 0 0 1(3.7%) 1(100%) 

Total  7(100%) 100% 100% 100% 100% 
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Table 3.11 shows the distribution of adolescent features according to the karyotype.          

Table 3.11: Percentage distribution of adolescent features in patients with TS according 

to the cytogenetic abnormality 

Karyotype  Primary amenorrhoea Shield shaped chest Widely spaced nipples 

45,X  13(52%) 12(52.2%) 13(54.2%) 

46,XX/45,X 7(28%) 7(30.4%) 6(25%) 

46,X,i(X)(q10)  3(12%) 3(13%) 3(12.5%) 

46,X,i(X)(q10)/45,X 2(8%) 1(4.3%) 2(8.3%) 

X/autosome 

translocation 

0 0 0 

Total  100% 100% 100% 

 

Out of 8 patients who had attained menarche, there were no patients with classical Turner and 

all were Turner mosaics and the other variants. Among the seven patients who had hyper 

convex nails, 3 (42.9%) were from Turner monosomy group followed by 3 (42.9%) from the 

isochromosome mosaic and 1 (14.3%) patient from isochromosome group.  Clock drawing 

test was done to get an idea about cognitive functions of the patients. It could not be done by 

5 patients due to their age. From the 14 cognitively deficient patients 6 (42.9%) were from 

the 45, X karyotype, followed by 4 (28.6%) Turner mosaics, 2 (14.3%) patients with 

isochromosome, 1 (7.1%) patient with isochromosome mosaic and 1 (7.1%) patient with 

X/autosome translocation. 

Table 3.12 shows the distribution of cognitive functions according to the karyotype. 
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Table 3.12: Percentage distribution of cognitive functions according to the cytogenetic 

abnormality in patients with TS  

Karyotype Cognitively deficit Cognitively normal 

45,X 6(42.9%) 4(28.6%) 

46,XX/45,X 4(28.6%) 5(35.7%) 

46,X,i(X)(q10) 2(14.3%) 3(21.4%) 

46,X,i(X)(q10)/45,X 1(7.1%) 2(14.3%) 

X/autosome translocation 1(7.1%) 0 

Total  100% 100% 

 

Out of 5 patients who had cardiac abnormalities 3 (60%) were from the classical Turner 

group and 2 (40%) were from the Turner mosaic group. Regarding the ultra sound scan 

(USS) findings, in patients with classical TS out of 12 those who have undergone USS, only 

1 patient had a normal uterus. In patients with Turner mosaic karyotype out of 11 patients 6  

had normal uterus. In all 3 patients with the karyotype of 46, X, i(X) (q10) /45, X had small 

uterus. In patients with 46, X, i(X) (q10) karyotype not a single patient had a normal uterus. 

The patient who had X/ autosome translocation had a normal uterus in the USS.  Considering 

the USS findings of ovaries of each patient group only one patient with classical TS had 

normal ovaries. But 4 patients with Turner mosaic karyotype got normal ovaries. No patients 

with Turner isochromosome or Turner isochromosome mosaic karyotypes had normal 

ovaries. In 11 patients out of all 33 ovaries were not visualised. There were no comments 

about the ovaries in 7 patients. 
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3.5. Correlation of the phenotype with the cytogenetic abnormalities in patients 

with TS 

Patients were classified into 2 groups based on the karyotype to see whether there was 

significant variation in the phenotype between the Classical TS (Turner monosomy) and the 

other TS variants. 

Results are summarized in the Table 3.13. Primary amenorrhoea, low posterior hair line, 

ptosis, shield shaped chest and widely spaced nipples were significantly associated with 

classical TS. 

 

Table 3.13: Comparison of phenotypic features in patients with classical TS and TS 

variants 

Phenotypic feature Classical TS 

( n = 13 )  

TS variants 

( n = 20 ) 

P value 

 

Primary amenorrhoea 13(52%) 12(48%) 0.012 

Hypothyroidism 2(40%) 3(60%) 1 

Short stature 12(44.4%) 15(55.6%) 0.364 

Webbed neck 10(52.6%) 9(47.4%) 0.087 

Low posterior hair line 9(69.2%) 4(30.8%) 0.003 

High arched palate 13(43.3%) 17(56.7%) 0.261 

Shield shaped chest 12(52.2%) 11(47.8%) 0.05 

Widely spaced nipples 13(54.2%) 11(45.8%) 0.005 

Hyper convex nails 3(42.9%) 4(57.1%) 1.000 

Increased carrying angle 12(44.4%) 15(55.65) 0.364 

Ptosis  5(83.3%) 1(16.7%) 0.025 

Epicanthal folds 2(100%) 0 0.148 
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3.6 PTPN11 gene mutations in patients whose karyotypes did not indicate TS  

After sequencing exon 3, 8, 9 and 13 of the PTPN11 gene, 3 sequence variations were found.  

1. The first was in exon 3 of patient number 45. This is reported to be a polymorphic variant 

located at position c.255 C>T (H85H) causing no change in the Histidine amino acid. The 

electropherogram of the sequence is shown in Figure 3.3 and the sequence variation is 

indicated by the arrow. 

 

Figure 3.3: Electropherogram of the sequence showing c.255C>T in exon 3 of PTPN11 

gene 

 

2. The second was in exon 9 patient number 2. It was located at the position c.1052 A>G 

(R351Q) and was not found in the scientific literature. The electropherogram of the sequence 

is shown in Figure 3.4 and mutation is marked by the arrow. It resulted in the alteration of an 

amino acid. 
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Figure 3.4: Electropherogram of the sequence showing c.1052A>G in exon 9 of PTPN11 

gene 

The reference sequence was aligned with the tool BLAT in UCSC Genome Browser (hg19) 

and the amino acid was found to be conserved across species as shown in Figure 3.5. 

 

 

Figure 3.5: Image from UCSC Genome Browser showing the position of the mutation 

and the conservation of the amino acid (highlighted in red) 
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After analysing with PolyPhen version 2 bioinformatics tool, this mutation was predicted as 

benign (<0.5 is Benign) with a score of 0.301 (sensitivity: 0.91; specificity: 0.89) and the output is 

shown in Figure 3.5. 

 

 

Figure 3.6: results of bioinformatics analysis using PolyPhen version 2 

Location of the mutation and the 3D structure of the PTPN11 protein are also given by this 

tool and it is shown in Figure 3.6. Location of the mutation is highlighted in the image on the 

right side. 

 

 

Figure 3.7: Location of the mutation and the 3D structure of the PTPN11 protein 

 

3. In patient number 37, a sequence variation was found in the intervening sequence between 

exon 8 and 9. It is located at the position c.934-27 T>C and was not found in the scientific 

literature. Electropherogram of the sequence is shown in Figure 3.8. 
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Figure 3.8: Electropherogram of the sequence showing c.934-27T>C in exon 9 of 

PTPN11 gene 

The reference sequence of this mutation was also aligned with the tool BLAT in UCSC 

Genome Browser (hg19) and the amino acid was found to be conserved across all species 

other than chicken and zebra fish as shown in Figure 3.9. 

 

 

Figure 3.9: Image from UCSC Genome Browser showing the position of the mutation 

and the conservation of the amino acid 
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4.  DISCUSSION 

4.1 Demographic characteristics of the study population 

The study population consisted of the patients who came to the Human Genetics Unit (HGU) 

with a clinical diagnosis of TS from 2006 onwards. Out of 57 patients who could be 

contacted and who were willing to participate for the research, 33 patients had a diagnosis of 

TS. Mean age of presenting was 14.6 years and the highest age group of presenting was 11 – 

15 years followed by 16 – 20 years in this population. This is rather a late presentation as TS 

can be diagnosed at any time after birth. This could be due to the subtleness of the facial and 

other features in TS. Usually they tend to seek medical advice when there is a lack of pubertal 

changes and primary amenorrhoea. Though short stature is a very common feature in TS, in 

early ages it is difficult to identify as there are various other causes responsible for short 

stature other than TS (Morgan 2007).  

According to Massa, G. et al in Belgium, more patients were diagnosed in infancy and early 

childhood and less in adolescence with a 22% of the girls were diagnosed after 12 years of 

age (Massa et al. 2005). Kerstine Stochholm et al also concluded that TS is diagnosed with a 

considerable delay of age in Denmark and the median age at diagnosis was 15.1 years similar 

to findings in this study (15 years) (Stochholm et al. 2006).  

  4.2 Genetic aetiology of TS 

Cytogenetic variation was classified in the 33 patients who were recruited for the study. 

Among them highest percentage belonged to the classical TS group (39.4%) as expected. It 

was same in a descriptive study done at HGU in 1988 to see the chromosome anomalies in 

Sri Lanka, out of 76 patients 11 (14.5%) were TS patients and among them 9 (11.9%) were 

classical TS patients followed by 2 (2.6%) Turner mosaics (JAYASEKARA 1988). The 

reason for this could be the identification of more symptoms and signs in classical TS 

patients than in mosaic TS patients and other variants. 
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In a study done in Sweden it is shown that among the 112 TS females 41.1% were classical 

Turners, 23.2% were isochromosomes, 10.7% were Turner mosaics followed by 25% of other 

TS variants (Rizell et al.). But in Kammoun, I. et al. out of 89 TS patients participated in 

genetic analysis, Turner mosaicism was prevalent (47%) whereas classical Turners were 32% 

followed by other variants (21%) (Kammoun et al. 2008). In a study done in Siberia with 31 

TS patients 15(48.4%) patients had classical TS and not like in Sri Lanka they were followed 

by isochromosome Turners with a frequency of 5 (16.1%) (Djordjevic et al.). But Suri, et al 

concluded that the most frequent karyotype was classical TS followed by mosaic TS and 

these findings in India are similar to our findings (Suri et al. 1995). In a study done in 

Northeastern Malaysia too classical TS accounted for 57.1% of patients with TS (Kannan et 

al. 2008).  

4.3 Phenotypic pattern of TS  

Phenotypic features of TS can be seen from the antenatal period onwards. Antenataly through 

an USS fetal oedema, cystic hygroma, loose nuchal skin, renal defects such as horse shoe 

kidney and cardiac defects could be identified in a fetus with TS (Sybert et al. 2004). Cystic 

hygroma is the well described and characteristic feature found in TS through USS (Loscalzo 

et al. 2005). In this study antenatal scan was performed in only 8 (24.2%) patients. Among 

these 8 patients only horseshoe kidney was detected in one patient. Not like in many areas of 

the world, in Sri Lanka ante natal screening for fetal abnormalities is not routinely available 

in the government sector. That may be the reason for lack of pre natal diagnosis of TS in the 

study population.  

Though other phenotypic features of TS can be categorized according to the age of 

manifestation as post natal, childhood and adolescent, there is a considerable overlapping 

between these features. 



51 

 

In this study dorsal oedema of the hands and feet, presence of extra skin around the neck and 

cystic hygroma were the phenotypic features found in the post natal period. Out of 33 patients 

4 (12.1%) had extra skin around the neck, 3 (9.1%) had dorsal oedema of the hands and feet 

and only 1 (3%) had cystic hygroma in the post natal period. Remaining 25 (75.8%) patients 

didn’t show features during the post natal period. Though prematurity, birth weight and 

length also can be considered as characteristic features in newborn TS babies as reported by 

Hagman, et al.(Hagman et al. ; Bondy 2007), it is very difficult to do that in a retrospective 

analysis like this as most of the participants didn’t have the records of length and the 

maturity. 

The features found in childhood in Turner patients are short stature, short and webbed neck, 

low posterior hair line, low set ears, high arched palate, ophthalmic features such as ptosis, 

strabismus and other orthopedic features such as wide carrying angle, Madelung deformity, 

short 4
th

 metacarpals and metatarsals (Bondy 2007). Elsheikh, et al. reported that short stature 

is the commonest feature seen in the TS (Elsheikh et al. 2002). But in this study the 

commonest feature was high arched palate. Short stature and the wide carrying angle were 

the other common features. Webbed neck was also common in our population as in others. 

Though Madelung deformity is also frequently seen in TS patients, only one patient had that 

in this study group. Low posterior hair line was also seen in 39.4% of patients which is a very 

frequent feature in TS. Though it is said in the literature that multiple pigmented naevi are 

commonly found in patients with TS, in this study group they were not present in a single 

patient. That may be due to the dark complexion in Sri Lankans. According to a study done 

by Denniston et al. strabismus was a common ophthalmic feature (> 25%) in TS while ptosis 

and epicanthal folds were uncommon (5 – 25%) (Denniston et al. 2004). But in this study 

there were 5 (15.2%) patients with strabismus only, 4 (12.1%) patients with ptosis only and 2 
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(6.1%) with both features while only 2 (6.1%) had epicanthal folds, showing that those 

features are not very common in our country.    

Features which can be seen during adolescence are the features that appear with puberty. As 

expected primary amenorrhoea was present in 25 (75.8%) patients and that was the 

commonest problem for seeking medical advice among patients in the late childhood and the 

adolescent period. Though the features like shield shaped chest and the widely spaced nipples 

can be seen in the childhood period, they are more prominently seen in the adolescent period 

and the adulthood. In the study population both the features were leading.  

In patients with TS other than the mentioned phenotypic features there are various problems 

such as hearing, visual, endocrine, renal, autoimmune and cognitive problems. To test the 

hearing gross hearing test was done with the ambition of sending them for audiometry if 

some defect is detected with that. But nobody had a hearing impairment in the study 

population. There were few patients who had the audiogram report and they were also 

normal. In a study done in India with the participation of 45 TS patients, the results were the 

same as in this study and the reason they have given for that was not having the audiometry 

done in those patients (Suri et al. 1995). In this study also that may be the reason for the 

absence of hearing impairment. Though only 7 (21.2%) patients complained of vision 

impairment, after testing visual acuity, 13 (39.4%) of them were found to have impairment of 

visual acuity. Six patients among them didn’t have any clue about the weakness in their eye 

sight.    

Hypothyroidism and diabetes mellitus are the endocrine disorders commonly associated with 

TS (Gravholt 2004). In our study only 5 (15.2%) patients were found to have hypothyroidism 

and were on thyroxine. Screening tests were not performed in 14 patients. Even though 

thyroid antibody formation (auto immune thyroiditis) is very common among 

Isochromosome Turner patients, antithyroid antibodies were not tested in a single patient in 
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the study group (Gravholt 2004; Bondy 2007). Diabetes mellitus (DM) was also not found in 

this study population. The reason may be that patients who participated in this study were 

below 30 years of age and only 8 patients had been screened for DM out of 33. That suggests 

proper screening programmes for associated disorders should be developed in Sri Lanka. It is 

said that non insulin dependant diabetes mellitus is 2 – 4 times more common in TS than the 

normal females and also it may appear in an early age (Lichiardopol et al. 2007). Cardiac 

abnormalities found in TS are congenital heart defects such as bicuspid aortic valves, 

coarctation of aorta, other valve abnormalities and septal defects. The participants in our 

study also had the same abnormalities other than aortic coarctation. Also there is a risk of 

hypertension, ischemic heart disease and stroke (Gravholt 2002). That shows the need for a 

screening echocardiogram when the diagnosis of TS is made. In the study population 19 

(57.5%) patients were screened by echocardiography and among them 5 (15.2%) patients had 

cardiac abnormalities. Nobody had hypertension, Ischemic heart disease or stroke. But follow 

up is needed as they are still less than 30 years of age. 

It is well known that although patients with TS have normal intelligence and that they have 

the problems with visual spatial skills (Hong et al. 2009). There were limitations to test IQ in 

the study population in a proper way as done in a psychiatric ward and mini mental state 

examination and executive function screen including clock drawing test were used to get an 

idea about the visual spatial skills and cognitive functions according to its scoring system. 

School performances, knowledge in mathematics, social history about the occupation and 

other capabilities were inquired to get an idea about their cognitive functions. According to 

the results among those who could perform the test 50% were cognitively normal.           

 From this study it can be concluded that the phenotype of the Sri Lankan TS patients is more 

or less similar to the common phenotype seen in other parts of the world.  
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4.4 Cytogenetic abnormalities and its Correlation with the clinical    phenotype 

This is the first study done in Sri Lanka to find the cytogenetic abnormalities and to correlate 

the clinical phenotype with the cytogenetic aetiology of the TS patients. If any correlation 

was found, it would be an added advantage to both patients and as well as to clinicians in the 

follow up of the TS patients. Knowing the common associations of the complications with 

the chromosomal abnormalities will help them to concentrate on those features in long term 

management. It will uplift the quality of their lives and the health status. 

Considering the post natal features, all the features presented in the study group were seen in 

the patients with classical TS. All 3 patients who had dorsal oedema of the hands and feet, the 

only patient who had cystic hygroma and 75% who had extra skin around the neck were from 

the classical TS group. Epicanthal folds were found only in patients with classical TS but this 

finding was not found to be statistically significant.  

Short stature being one of the characteristic features of TS showed no significant association 

in our study with the cytogenetic abnormalities (P value > 0.05) as it was a common feature 

of classical TS 12 (44.4%) and also of other TS variants 15 (55.6%). It is reported in the 

scientific literature that short stature is a typical feature that can be seen in almost all patients 

with classical TS and about 96% in mosaic TS and other TS variants (Elsheikh et al. 2002; 

Bondy 2007). Other frequent features such as webbed neck, high arched palate, epicanthal 

folds, hyper convex nails and wide carrying angle also had no significant association with the 

cytogenetic variation. They were common in patients regardless of the cytogenetic 

abnormality.   

Primary amenorrhoea, ptosis, low posterior hair line, shield shaped chest and widely spaced 

nipples had a significant association with the cytogenetic variation in this study. Those 

features were more frequently associated with classical TS group than the other variants.  

When a suspected TS patient comes to a physician with the above features before doing a 
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karyotype he/she will be able to diagnose her as a classical TS patient with the help of the 

findings of this study. That fulfills one aim of our study. 

In an Iranian study which was done to find out the effects of cytogenetic abnormalities on the 

phenotype of patients with TS, they concluded that there was a strong correlation between the 

cytogenetic abnormality and the phenotype and these clinical features are more severe in 

patients with classical TS than in the other variants (Nazarabadi 2005). Those findings are 

compatible with our study.  

4.5 PTPN11 mutations 

As mentioned in the introduction NS is a main differential diagnosis for TS. Though there are 

multiple genes involved in the causation of NS, for the formation of clinical features which 

are common with TS such as short stature and webbed neck the mutations of the PTPN11 

gene are also reported to be responsible (Kosaki et al. 2002). In view of giving a diagnosis 

for the patients who come to the HGU with a clinical diagnosis of TS and receiving the 

karyotype as normal (46, XX), in our study the 4 exons were screened for mutations in a 

group of 24 patients. The patients were selected from the database and the records available 

at HGU from 2006 onwards. The exons (3, 8, 9 and 13) which were selected for screening 

were reported as hot spots in previous studies (Tartaglia M 2001; Kosaki et al. 2002; 

Tartaglia 2002; Loh et al. 2004). 

As mentioned in the results only one silent mutation was found in exon 3 (c.255C>T) of 

PTPN11 gene in patient number 45. It is reported as a polymorphic variant by Tartaglia, M. 

et al. (Tartaglia 2002). It causes no change in the Histidine protein i.e. causes no change in 

the phenotype too. But the patient who had the mutation was referred for karyotyping with a 

clinical diagnosis of TS and was short in stature. It is possible that she may have a mutation 

elsewhere in the gene. In patient number 2 a sequence variation was found in exon 9 
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(c.1052A>G) and in patient number 31 in the intervening sequence between exon 9 and 10 

(c.934-27T>C) of PTPN11 gene. These were not reported in scientific literature. 

The reference sequences of both sequence variations were aligned with the tool BLAT in 

UCSC Genome Browser (hg19) and both neucleotides were found to be conserved across 

species. The 1
st
 one (c.1052A>G) in all species including zebra fish while the 2

nd
 one (c.934-

27T>C) in human, rhesus, mouse, dog, elephant and opossum. It is believed that a mutation 

in a highly conserved region is more likely to be pathogenic (Sarah 2010). In this study also 

patient number 2 who had the mutation at c.1052A>G had a phenotype suggestive of both TS 

and NS with short stature, scoliosis and short and webbed neck. The patient number 31 also 

had features suggestive of both syndromes such as short and webbed neck, prominent ears, 

ptosis, scoliosis and wide carrying angle. Bioinformatics analysis done using PolyPhen 

(Polymorphism Phenotyping) version 2 of the mutation at c.1052A>G was predicted as 

benign. However it is a nonsynonymous SNP (single nucleotide polymorphism) that results 

in a substitution of the amino acid Arginine by Glutamine. So further investigations will be 

needed to detect the functional significance of these sequence variations. 
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5. CONCLUSION  

Cytogenetic abnormalities in patients with TS in Sri Lanka were identified in this study. By 

studying the phenotypic pattern of this population, it was found that there was an association 

between the cytogenetic abnormalities and the phenotype of TS. The clinical features are 

more severe and common in the classical TS patients which is the most frequently found 

cytogenetic abnormality in Sri Lanka. According to this study primary amenorrhoea, ptosis, 

low posterior hair line, shield shaped chest and widely spaced nipples are the features mainly 

seen in patients with TS who have a cytogenetic abnormality. 

Three sequence variations were found in the PTPN11 gene of patients with clinical features 

of TS who have no cytogenetic abnormalities. Two of them need further investigations to 

determine whether they are causative.  
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APPENDIX: Documents used for subject recruitment  

This appendix contains the information sheets, consent forms which were used for subject 

recruitment in Sri Lanka and the data collection booklet. 

• Information sheets for study participants used for the recruitment of patients with TS 

and the patients who have a clinical diagnosis of TS and a normal karyotype in 

Sinhala, English and Tamil languages. 

• Consent forms used for recruitment of patients with TS and the patients who have a 

clinical diagnosis of TS and a normal karyotype in Sinhala, English and Tamil 

languages. 

• The data collection booklet 
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අ? එය පල කර/ෙනA. 

 

8. අධ*යනයට සහභා�<ම නැව�<ම  

අධ	යනයට සහභා89මට [/ කැමැ�ත ඉව� කර ගැpම අධ	යනෙ� )මන ෙහෝ 

අKයරකa 0[ =>මට ඔබට හැක. එෙසේ 0[ කර/ෙ/නE එම wරණය ග� �ගසම ඒ බව 

අපහට ක$ණාකර ෙද1E ෙද/න. නA� එක' කර ග/නා ලද ද�ත පකාශයට ප� 

=>ෙම/ ප!ව ඔබට අධ	යනෙය/ ඉව� 9මට ෙනොහැක. 

 

9. වැo[ර ෙතොර'$  

ඔබට ෙE xයා පyපාz/ ?lබඳව =0යE පශ්නය� ඇ�නE ෙහෝ වැo[ර ෙතොර'$ 

අවශ	 නE ක$ණාකර පහත සඳහ/ ෛවද	ව$/ අමත/න.  
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මහාචා*ය ව-ර එG. ඩHIJ. Kසානායක - මානව පෙ�� �ද	ා අංශය , ෛවද	 
ඨය , 

ෙකොළඹ. 

[.ක. 112689545 

ෛවද	 !භා# ක$ණාර�න - පශ්චා� උපා� අෙS�#කා, මානව පෙ�� �ද	ා අංශය, 

ෛවද	 
ඨය , ෙකොළඹ. 

[.ක. 112689545 
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INFORMATION SHEET 

STUDY OF PHENOTYPIC VARIATIONS AND GENOTYPE – PHENOTYPE 

CORRELATION IN SRI LANKAN PATIENTS WITH THE TURNER SYNDROME 

PHENOTYPE 

This study is conducted by me, Dr. Subhashi Karunaratne,  M.Sc. student in Clinical Genetics 

currently attached to the Human Genetics Unit, Faculty of Medicine, University of Colombo. 

I would like to invite you to take part in the research study titled “Study of phenotypic 

variations and genotype – phenotype correlation in Sri Lankan patients with the Turner 

syndrome phenotype” conducted by myself under the supervision of Prof. Vajira H.W. 

Dissanayake and Prof. Rohan W. Jayasekara at the Human Genetics Unit, Faculty of 

Medicine, University of Colombo. 

1. Purpose of the study  

The purpose of this study is to identify the genetic variations in patients with TS and to 

correlate the clinical features with the genetic variations. 

2. Voluntary participation 

Your participation in this study is voluntary. You are free to not participate at all or to       

withdraw from the study at any time despite consenting to take part earlier. There will be no 

loss of medical care or any other available treatment for your illness or condition to which 

you are otherwise entitled. If you decide not to participate or withdraw from the study, you 

may do so at any time by informing us. 
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3. Duration, procedures of the study and participant’s responsibilities 

We require your permission to ask you questions examine you and have access to your 

medical records. We need to take 5mls of venous blood from you to do the genetic test. 

(Blood will not be taken from patients who already have a genetic diagnosis of Turner 

syndrome). You only have to visit us once during the research period to provide the clinical 

data and blood sample for the study. We also need your permission to publish the data 

collected in a scientific journal. We will not mention your name or any other identifiable 

information about you when we publish the results. 

4. Potential Benefits 

Participation in this study will help you to know the genetic defect that has made you develop 

Turner syndrome and if not whether you have the commonest genetic mutation causing 

Noonan syndrome. This will be a valuable opportunity as genetic testing for Turner syndrome 

and Noonan syndrome both are not freely available in Sri Lanka. Knowledge about the 

different genetic defects and genotype – phenotype correlation would enable the doctors 

caring for you to understand your clinical condition better and provide improved care.  In 

addition, participants and/or parents/guardians will be provided genetic counseling about 

each participant’s test results. This study will contribute to the increasing of existing 

knowledge about Turner syndrome in Sri Lankan patients.    

5. Risks, Hazards and Discomforts 

Blood will be drawn to detect the genetic defect causing Turner or Noonan syndrome. When 

taking blood, you will feel some discomfort due to the needle prick and after blood is drawn, 

rarely there can be bruising at the needle prick site. In order to ensure that these risks are 

minimized, blood drawing will be done by a trained phlebotomist under aseptic conditions. 
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6. Reimbursements 

There will be no payment for participating in the study, but you will be given a copy of the 

cytogenetic or molecular genetic test results. 

7. Confidentiality  

Confidentiality of all records is guaranteed and no information by which you can be 

identified will be released or published. The data collection booklet is designed to ensure 

confidentiality of information gathered. The electronic database containing the data will have 

only the subject study number and the database and the computer containing the database 

would be password protected. If it becomes necessary to publish some of the results in 

scientific journals, we will make sure to publish the results protecting the identity of the 

subject. These data will never be used in such a way that you could be identified in any way 

in any public presentation or publication without your express permission. 

8. Termination of Study Participation 

You may withdraw your consent to participate in this study at any time, without any penalty 

or effect on medical care or loss of benefits. Please notify us as soon as you decide to 

withdraw your consent. However, it will not be possible for you to withdraw once the results 

are sent for publication or once the results are published. 

9. Clarification 

If you have any questions about any of the tests/procedures or information or need to clarify 

any doubts, please feel free to ask any of the persons listed below at the Human Genetics Unit 

by calling 11 2689 545. 
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Prof. Vajira H.W. Dissanayake – Medical Geneticist, Human Genetics Unit, Faculty of 

Medicine, University of Colombo. 

Dr. Subhashi Karunaratne – M.Sc. student, Human Genetics Unit, Faculty of Medicine, 

University of Colombo. 
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îèõŸ ðˆFK¬èîèõŸ ðˆFK¬èîèõŸ ðˆFK¬èîèõŸ ðˆFK¬è    

    

Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ ----    Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ 

«ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ 

Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜¹.¹.¹.¹.    

Þ‰î ÝŒõ£ù¶, ªè£¿‹¹ ð™è¬ô‚èö ñ¼ˆ¶õ dìˆF¡ ñ£Qì ñó¹Š HKM«ô (Human Genetics 

Unit) îŸ«ð£¶ Þ¬í‰¶ªè£‡´, ñ¼ˆ¶õ ñóHòL«ô (Clinical Genetics) º¶ñ£E (M.Sc) 

ñ£íõó£è Þ¼‚°‹ ì£‚ì˜ ²ð£S è¼ù£ó†ù (Dr. Subhashi Karunaratne) ÝAò â¡ù£«ô 

«ñŸªè£œ÷Šð´Aø¶. ªè£¿‹¹ ð™è¬ô‚èöè ñ¼ˆ¶õ dìˆF¡ ñ£Qì ñó¹Š HKM¡  «ðó£CKò˜ 

õTó â„.ìHOÎ. Fú£ï£ò‚è (Prof. Vajira H.W. Dissanayake) â¡ðõKù¶‹ «ðó£CKò˜ ªø£ý£¡ 

ìHOÎ üò«êèó (Prof. Rohan W. Jayasekara) â¡ðõKù¶‹ «ñŸð£˜¬õJ¡ W›  "Åö™ 

Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ - Åö™ Þ¬òð£‚è õ¬èJ¡ «ó˜ùK¡ 

«ï£Œˆ«î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ Þ¬òð£‚èˆ ªî£ì˜¹" 

â¡ø î¬ôŠHô£ù ÝŒM«ô ðƒ«èŸ°‹ð®ò£è ï£¡ àƒèÀ‚° Ü¬öŠ¹ M´‚è M¼‹¹A«ø¡.  

 

1. ÝŒM¡ «ï£‚è‹1. ÝŒM¡ «ï£‚è‹1. ÝŒM¡ «ï£‚è‹1. ÝŒM¡ «ï£‚è‹    

Þ‰î ÝŒM¡ «ï£‚èñ£ù¶ TS àœ÷ «ï£ò£OèO¡ ñó¹ ñ£Ÿøƒè¬÷ Þùƒè‡´, Üî¬ù ñóHò™ 

ñ£ŸøƒèÀì¡ ªî£ì˜¹ð†ì ñ¼ˆ¶õ Ü‹êƒèÀì¡ ªî£ì˜¹ð´ˆ¶õî£°‹. 

 

2. î¡ù£˜õŠ ðƒ«èŸ2. î¡ù£˜õŠ ðƒ«èŸ2. î¡ù£˜õŠ ðƒ«èŸ2. î¡ù£˜õŠ ðƒ«èŸ¹¹¹¹    

Þ‰î ÝŒM«ô àƒè÷¶ ðƒ«èŸ¹ î¡ù£˜õgFò£ùî£°‹. ÞF«ô cƒèœ ºŸø£èŠ 

ðƒ«èŸè£F¼‚è«õ£ Ü™ô¶ º¡ùî£èŠ ðƒ«èŸè„ ê‹ñFˆ¶, â‰î å¼ «õ¬÷J½‹ ÜFL¼‰¶ 

õ£ðv ªðÁõîŸ«è£ ²ò£bù‹ àƒèÀ‚° à‡´. àƒè÷¶ ñ¼ˆ¶õŠ ðó£ñKŠ¹‚«è£ Ü™ô¶ 

àƒè÷¶ «ï£Œ‚° Ü™ô¶ G¬ô¬ñ‚ªèù àƒèÀ‚° àKˆî£ù â‰î å¼ ñ¼ˆ¶õ„ CA„¬ê‚«è£ 

âšMî ÞöŠ¹‹ ãŸðì£¶. ÞF«ô cƒèœ ºŸø£èŠ ðƒ«èŸè£F¼‚è«õ£ Ü™ô¶ ðƒ«èŸè„ ê‹ñFˆ¶, 
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â‰î å¼ «õ¬÷J½‹ ÜFL¼‰¶ õ£ðv ªðÁõîŸ«è£ b˜ñ£Qˆî£™ âš«õ¬÷J½‹ Üî¬ù 

âƒèÀ‚° ÜPMˆ¶ cƒèœ ÜšMî‹ ªêòŸðìô£‹. 

 

3. è£ô Üõè£ê‹, ÝŒM¡ ªêò¡º¬øèœ ñŸÁ‹ ðƒ«èŸð£÷K¡ ªð£ÁŠ¹‚èœ.3. è£ô Üõè£ê‹, ÝŒM¡ ªêò¡º¬øèœ ñŸÁ‹ ðƒ«èŸð£÷K¡ ªð£ÁŠ¹‚èœ.3. è£ô Üõè£ê‹, ÝŒM¡ ªêò¡º¬øèœ ñŸÁ‹ ðƒ«èŸð£÷K¡ ªð£ÁŠ¹‚èœ.3. è£ô Üõè£ê‹, ÝŒM¡ ªêò¡º¬øèœ ñŸÁ‹ ðƒ«èŸð£÷K¡ ªð£ÁŠ¹‚èœ.    

àƒèOì‹ «èœMèœ «è†ðîŸ°‹, àƒè¬÷„ «ê£FˆFì¾‹, àƒè÷¶ ñ¼‰¶õŠ ðF¾èÀ‚è£ù 

ªðŸø¬ì¾‚°‹ àƒè÷¶ ÜÂñFJ¬ù ï£‹ «è£¼A«ø£‹. «ñ½‹ àƒè÷¶ ñó¹Š ðK«ê£î¬ù¬ò 

«ñŸªè£œõîŸªèù àƒè÷¶ ï£® Þóˆî‹ 5 I.h. âñ‚°ˆ «î¬õŠð´‹. («ó˜ù˜ 

«ï£Œˆ«î£ŸøŠð£†®¡ ñóHò™ «ï£Œ‚è‡´H®Š¬ð ãŸªèù«õ ªè£‡´œ÷ «ï£ò£OèOì‹ Þ¼‰¶ 

Þóˆî‹ ªðøŠðìñ£†ì£¶). ÝŒ¾‚ è£ôˆF¡«ð£¶ cƒèœ å¼º¬ø ñ£ˆFó«ñ â‹Iì‹ õ‰¶, 

ÝŒ¾‚° «õ‡®ò Þóˆîˆ¬î»‹ àƒè÷¶ ñ¼ˆ¶õˆ îó¾è¬÷»‹ õöƒè«õ‡®òî£Œ Þ¼‚°‹. 

ï£‹ ÜŠð®ò£è„ «êèKˆî îó¾è¬÷ ñ¼ˆ¶õ ã†®«ô ðFŠHŠðîŸ° àƒè÷¶ ÜÂñF»‹ âñ‚°ˆ 

«î¬õ. ÜŠð®ò£è âñ¶ ªðÁFè¬÷ ï£‹ ðFŠH‚°‹«ð£¶ àƒè÷¶ ªðò¬ó«ò£ Ü™ô¶ àƒè¬÷ 

Þùƒè£†´‹ â‰î å¼ îèõ¬ô»«ñ£ ï£‹ °PŠHìñ£†«ì£‹. 

 

4. ÞF«ô àœ÷ ï¡¬ñèœ4. ÞF«ô àœ÷ ï¡¬ñèœ4. ÞF«ô àœ÷ ï¡¬ñèœ4. ÞF«ô àœ÷ ï¡¬ñèœ    

Þ‰î ÝŒM«ô èô‰¶ªè£œÀ‹«ð£¶, àƒèO«ô «ó˜ù˜ «ï£Œˆ«î£ŸøŠð£†®¬ù M¼ˆFò£‚A»œ÷ 

ñó¹õN‚ °¬øð£´ â¶ â¡ð¬î cƒèœ ÜP‰¶ ªè£œ÷ àî¾‹. ÜŠð® Ü™ô£M†ì£™ Ëù£¡ 

(Noonan) «ï£Œˆ «î£ŸøŠð£´èÀ‚°‚ è£óíñ£Œ Ü¬ñ‰¶œ÷ ªð£¶õ£ù Þ¬ò¹ñ£Ÿø‹ àƒèÀ‚° 

àœ÷î£ Þ™¬ôò£ â¡ð¬î cƒèœ ÜP‰¶ªè£œ÷ô£‹.  Þ¶ ªðÁñFõ£Œ‰î å¼ ê‰î˜Šðñ£°‹. 

ãªùQ™, «ó˜ù˜ «ï£Œˆ«î£ŸøŠð£´èÀ‚«è£ Ü™ô¶ Ëù£¡ «ï£Œˆ«î£ŸøŠð£´èÀ‚«è àKò 

ñó¹õNŠðK«ê£î¬ù ôƒ¬èJ«ô Þù£ñ£è‚ A¬ì‚è£¶.  ð™«õÁ ñó¹‚ °¬øð£´è¬÷»‹ 

ñó¹õNõ¬è¬ò»‹ ðŸPò ÜP¾ - Üî¡ Åö™ Þ¬òð£‚èˆ ªî£ì˜¹ø¾, àƒè¬÷Š ðó£ñK‚°‹ 

ñ¼ˆ¶õ˜èÀ‚° àƒè÷¶ ñ¼ˆ¶õ G¬ôðóˆ¬î ï¡ø£èŠ ¹K‰¶ªè£œ÷¾‹, º¡«ùŸøŠð†ì 

ðó£ñKŠ¬ð Üõ˜èœ àƒèÀ‚° õöƒè¾‹ õNõ°ˆF´‹. «ñ½‹ ðƒ«èŸð£÷˜èœ ñŸÁ‹/Ü™ô¶ 

ªðŸ«ø£˜/ ðó£ñKŠð£÷˜èÀ‚° åšªõ£¼ ðƒ«èŸð£÷˜èOù¶‹ ªðÁFè¬÷J†ì ñó¹õN 

Ý«ô£ê¬ùõöƒè™ (genetic counseling) õöƒèŠð´‹. Þ‰î ÝŒõ£ù¶ Þôƒ¬è «ï£ò£OèO™ 

àœ÷ «ó˜ù˜ «ï£Œˆ«î£ŸøŠð£´ ðŸPò ÜP¬õ ÜFèKˆFì õ¬èªêŒF´‹. 
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5. ÞF™ ªð£F‰¶œ÷ Ýðˆ¶‚èÀ‹, Þìó£ðˆ¶‚èÀ‹, Üªê÷èKòƒèÀ‹.5. ÞF™ ªð£F‰¶œ÷ Ýðˆ¶‚èÀ‹, Þìó£ðˆ¶‚èÀ‹, Üªê÷èKòƒèÀ‹.5. ÞF™ ªð£F‰¶œ÷ Ýðˆ¶‚èÀ‹, Þìó£ðˆ¶‚èÀ‹, Üªê÷èKòƒèÀ‹.5. ÞF™ ªð£F‰¶œ÷ Ýðˆ¶‚èÀ‹, Þìó£ðˆ¶‚èÀ‹, Üªê÷èKòƒèÀ‹.    

«ó˜ù˜ Ü™ô¶ Ëù¡ «ï£Œˆ «î£ŸøŠð£´èÀ‚°‚ è£óíñ£»œ÷ ñó¹‚ °¬øð£†®¬ù‚ 

è‡ìPõîŸ° Þóˆî‹ ªðøŠð´‹. ÜŠð®ò£è Þóˆî‹ â´ŠðîŸ° áC °ˆîŠð´‹«ð£¶‹, ÜîŸH¡¹‹ 

àƒèÀ‚° Cô Üªê÷èKòƒèœ àíóŠðìô£‹. áC °ˆîŠð†ì ÞìˆF«ô Cô«õ¬÷èO«ô CÁ 

è£ò‹ ãŸðìô£‹. Þˆî¬èò Ýðˆ¶‚è¬÷‚ °¬ø‚°‹ð®‚°, àƒè÷¶ Þóˆî‹ «ï£Œ‚A¼Iè÷Ÿø 

G¬ôñJ«ô °¼F ªðÁõîŸ° ï¡° ðJŸøŠð†ì °¼Fõ®Š¹ ñ¼ˆ¶õ õ™½ùó£™ (phlebotomist) 

«ñŸªè£œ÷Šð´‹. 

 

6. e÷OŠ¹‚èœ6. e÷OŠ¹‚èœ6. e÷OŠ¹‚èœ6. e÷OŠ¹‚èœ    

Þ‰î ÝŒM«ô ðƒ«èŸðîŸ° âšMî ªè£´Šðù¾‹ õöƒèŠðìñ£†ì£¶. ÝJÂ‹ Íô‚ÃŸÁ ñóðµ 

Ü™ô¶ Íô‚ÃŸÁ ñó¹õN„ «ê£î¬ùJ¡ ªðÁ«ðÁèO¡ HóFªò£¡Á àƒèÀ‚° õöƒèŠð´‹. 

 

7. ÞóèCòƒè£ˆî™7. ÞóèCòƒè£ˆî™7. ÞóèCòƒè£ˆî™7. ÞóèCòƒè£ˆî™    

êèô ðFè¾èÀ‹ ÞóèCòñ£èŠ «ðíŠð´õîŸ° àˆîóõ£î‹ õöƒ°A«ø£‹. àƒè¬÷ 

Þùƒè£í‚Ã®òî£ù âšMî îèõ½‹ ðFŠH‚èŠðìñ£†ì£¶. îó¾è¬÷„ «êèK‚°‹ °ÁË™ 

«êèK‚èŠð†ì îèõ™è¬÷J†ì ÞóèCò‹ è£Šð¬î àÁFŠð´ˆ¶‹ MîˆF«ô«ò õ®õ¬ñ‚èŠ 

ð†´œ÷¶. îó¾è¬÷‚ ªè£‡´œ÷ I¡QôˆFóQò™ îèõŸî÷‹ Ýè ÝŒ¾Šªð£¼O¡ 

Þô‚èˆ¬î»‹, îèõŸ î÷ˆ¬î»‹ ñ†´«ñ ªè£‡®¼‚°‹. Üˆ¶ì¡ Þˆ îèõŸî÷ˆ¬î‚ 

ªè£‡´œ÷ èíQ ÞóèCò„ªê£™Lù£™ ð£¶è£‚èŠð†®¼‚°‹. M…ë£ù ã´èO«ô Cô 

ªðÁFè¬÷Š ðFŠH‚è«õ‡®ò ÜõCò‹ ãŸð´«ñò£J¡, ÝŒ¾Šªð£¼O¡ Ü¬ìò£÷Šð´ˆ¶î¬ôŠ 

ð£¶è£ˆF´‹ MîˆF«ô ï£‹ ªðÁFèœ ðFŠH‚èŠð´õ¬î àÁFªêŒ«õ£‹. â‰î ªõ°üù 

êñ˜ŠHŠ¹‚èO«ô Ü™ô¶ ðFŠ¹‚èO«ô£ àƒè÷¶ ÜÂñF ªðøŠðì£ñ™ Þˆ îèõ™èœ àƒè¬÷ 

â‰î õ¬èJ½‹ Ü¬ìò£÷ƒ è‡´ªè£œÀ‹ MîˆF«ô ðò¡ð´ˆîŠðìñ£†ì£¶. 

 

8. ÝŒM«ô ðƒ«èŸ¹ º®¾ªðÁî™8. ÝŒM«ô ðƒ«èŸ¹ º®¾ªðÁî™8. ÝŒM«ô ðƒ«èŸ¹ º®¾ªðÁî™8. ÝŒM«ô ðƒ«èŸ¹ º®¾ªðÁî™    

Þ‰î ÝŒM™ Þ¼‰¶ àƒè÷¶ Þí‚èŠð£†®¬ù âš«õ¬÷J½‹, â‰î å¼ î‡ìº«ñ£ Ü™ô¶ 

àƒèÀ‚è£ù ñ¼ˆ¶õŠ ðóñ£ñKŠ«ð£ Ü™ô¶ ï¡¬ñèO«ô£ âšMî ÞöŠ¹‹ Þ¡P cƒèœ õ£ðv 
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ªðŸÁ‚ ªè£œ÷ô£‹. îò¾ªêŒ¶ ÜŠð®ò£è õ£ðvªðø cƒèœ b˜ñ£Qˆî£™ Üî¬ù M¬óõ£è âñ‚° 

ÜPòˆî£¼ƒèœ. ÝJÂ‹, Þ‰î ÝŒM¡ ªðÁFèœ ðFŠH‚èŠð´õîŸè£è ÜÂŠðŠð†ìH¡«ð£ 

Ü™ô¶ Ü¬õ ðFŠH‚èŠð†ìH¡«ð£ ÞF™ Þ¼‰¶ cƒèœ õ£ðv ªðŸÁ‚ªè£œõ¶ ê£ˆFòñ£è£¶. 

 

9. ªî÷¤¾ð´î¢¶îô¢è÷¢9. ªî÷¤¾ð´î¢¶îô¢è÷¢9. ªî÷¤¾ð´î¢¶îô¢è÷¢9. ªî÷¤¾ð´î¢¶îô¢è÷¢    

Þ‰îŠ ðK«ê£î¬ùèœ / ªêò¡º¬øèœ ðŸP àƒèÀ‚° ãî£õ¶ «èœMèœ Þ¼‚°«ñò£ù£™ 

Ü™ô¶ îèõ™èœ «î¬õŠð´«ñò£ù£™ Ü™ô¶ àƒè÷¶ äòƒè¬÷ GM˜ˆFªêŒ¶ªè£œ÷ 

«õ‡´«ñò£ù£™, ñQî ñó¹Š HKM«ô W«ö °PŠHìŠð†ìõ˜è¬÷ 11 2689545 âÂ‹ 

ªî£¬ô«ðCJ«ô ªî£ì˜¹ªè£‡´ «èœMè¬÷‚ «è†èˆ îòƒè «õ‡ì£‹. 

 

«ðó£CKò˜ õTó â„.ìHOÎ. Fú£ï£ò‚è (Prof. Vajira H.W. Dissanayake) - ñ¼ˆ¶õ ñó¹G¹í˜ 

(Medical Geneticist), ñ£Qì ñó¹Š HK¾, ñ¼ˆ¶õŠ dì‹, ªè£¿‹¹ ð™è¬ô‚èöè‹. 

 

ì£‚ì˜ ²ð£S è¼ù£ó†ù (Dr. Subhashi Karunaratne), º¶ñ£E (M.Sc) ñ£íõ˜, ñ£Qì ñó¹Š 

HK¾ (Human Genetics Unit),  ñ¼ˆ¶õdì‹, ªè£¿‹¹ ð™è¬ô‚èöè‹ 
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කැමැ�ත පකාශ 7>ෙ( පතය 

ට*න* සහල�ෂණ ත�වය සTත ලාංUය ෙරෝ8/ෙB ෙරෝග ල�ෂණ 

සහ ව*ණෙYහමය  ��ධ�වෙයT අධ	යනය  
(a) සහභා8 ව/න/ �0/ ?ර9ම සඳහාය. 

ෙමම පතය සහභා8 ව/න/ /භාරක$ව/ �0/ සEt*ණෙය/ ?ර�ය J'ය. 

1. අධ	යනය සEබ/ධෙය/ ෙතොර'$ පuකාෙ� පැහැKI කරන ලද ක$�  
ඔබට ෙ�$ණාද? (ක$ණාකර ෙතොර'$ පuකාෙ� ?ටපත� ඔබ ලබාග/න )  
 ඔA/නැහැ   
  
  

2. ෙමම අධ	යනය සEබ/ධව සාකGඡා =>මට හා ඒ ?lබඳව පශ්න  
ඇcමට ඔබට අවසථ්ාව� ලැ]ණා ද?      
       

 ඔA/නැහැ 
3. ඔබ ඇ� පශ්න 0යmලටම සෑ�මකට ප��ය හැ= ?l'$ ලැ]ණාද?     

 ඔA/නැහැ 

4. ෙමම අධ	යනය සEබ/ධෙය/ පමාණව� ෙතොර'$ ලැ]ණාද?     ඔA/නැහැ 

5. ෙමම අධ	යනය සEබ/ධෙය/ ඔබට පැහැKI කරන ලYෙY කf$/ �0/ද? 

…………………………………………………………………………… 

6. =0[ ක$� දැ�9ම=/ ෙතොරව, ෙමම අධ	යනෙය/ ඉව� 9මට  
ඔබ හට ඕනෑම අවස්ථාවක හැ=යාව ඇZ බව සහ එය ඔබෙB ඉKR ෛවද	  
පZකාර සඳහා බලෙනොපාන බව පැහැKI vවාද?  
 
 ඔA/නැහැ
          

7. ඔෙH ෛවද	 වා*තා සහ ප*ෙ�ෂණ ද�ත ෙමම අධ	යනය සEබ/ධ  
සාමා-ක./ �0/ අධ	යනය ෙකෙ*. 0යs වා*තා සහ ද�තවල  
රහස	භාවය තහf$ ෙකෙ*.  ෙමම අධ	යනය සEබ/ධ සාමා-ක./ට  
ෙතොර'$ ලබා Kමට එකඟ ෙවනවාද?                                           ඔA/නැහැ 
 
 

8. ෙමම අධ	යනෙය/ ප!ව ඉZR වන $�ර සාEපලය� ඇෙතො� ඉKRෙ�a  
ෙකෙරන ෙරෝගය සEබ/ධ ප*ෙ�ෂණ සදහා භා�තා =>මට ඔබ එකඟ  
ෙවනවාද?                           
 ඔA/නැහැ
                              

9. $�ර සාEපල ?ටරට යැ�මට එකඟ ෙවනවාද?   

 

 ඔA/නැහැ     

10. ෙමම අධ	යනයට සහභා8 9ම සEබ/ධෙය/ wරණයකට එල�මට ඔබට  
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ඇZ තරE කාලය ලැ]ණා ද?  

 ඔA/නැහැ 
 
 
             

11. ඔබ ෙමම අධ	යනයට සහභා8 9මට එකඟ ෙවනවාද?      ඔA/නැහැ 

 

සහභා8 ව/න/ /භාරක$ව/  

අ�සන:………………………………………………… Kනය:……………………  

නම:……………………………………………………………………………………... 

  

(b)  ප*ෙ�ෂක �0/ ?ර9ම සඳහාය. 

ෙමම අධ	යනය සEබ/ධ ක$�, මා �0/ අධ	යනයට ස්ෙ�Gඡාෙව/ සහභා8 

ව/න/ හට පැහැKI කරන ලa. ඔ�/ඇය �0/ ෙමම අධ	යනයට සහභා8 9මට කැමැ�ත 

පකාශ කරන ලa.  

ප*ෙ�ෂකෙB අ�සන:………………………………………. Kනය:……………………  

නම:…………………………………………………………………………………….. 

 

 

 

 

 

 

 

 



79 

 

CONSENT FORM 

STUDY OF PHENOTYPIC VARIATIONS AND GENOTYPE – PHENOTYPE 

CORRELATION IN SRI LANKAN PATIENTS WITH THE TURNER SYNDROME 

PHENOTYPE 

A. To be completed by the participant/guardian 

The participant/guardian should complete the whole of this sheet by himself/herself. 

1. Have you read the information sheet? (Please keep a copy for yourself)  YES/NO 

2. Have you had an opportunity to discuss this study and ask any questions? YES/NO 

3. Have you had satisfactory answers to all your questions?    YES/NO 

4. Have you received enough information about the study?    YES/NO 

5. Who explained the study to you? ………………………………………………………… 

6. Do you understand that you are free to withdraw from the study at any time, without 

having to give a reason and without affecting your medical care?   YES/NO              

7. Sections of your medical notes, including those held by the investigators relating to your 

participation in this study may be examined by other research assistants. All personal details 

will be treated as STRICTLY CONFIDENTIAL. Do you give your permission for these 

individuals to have access to your records?      YES/NO 

8. Do you agree for your blood samples to be sent abroad?    YES/NO 
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9. Do you agree to have left over blood samples and DNA be stored for future research into 

Turner syndrome under the supervision of the supervisor?    YES/NO          

10. Have you had sufficient time to come to your decision?    YES/NO 

11. Do you agree to take part in this study?      YES/NO 

 

Participant’s/Guardian’s  

Signature……………………………............…     Date………….……... 

Name (BLOCK CAPITALS)………………………………………………………………… 

………………………………………………………………………………………………...... 

B. To be completed by the investigator 

I have explained the study to the above volunteer and she has indicated her willingness to 

take part. 

Signature of investigator……………………....…………..                  Date………..……….. 

Name (BLOCK CAPITALS)……………………………………………………………….… 

………………………………………………………………………………………………… 
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Þí‚èŠð®õ‹Þí‚èŠð®õ‹Þí‚èŠð®õ‹Þí‚èŠð®õ‹    

 

Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ Åö™ Þ¬òð£‚è ñ£ŸøƒèÀ‹ ñó¹õ¬è»‹ ðŸPò ÝŒ¾ ----    Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ Åö™ Þ¬òð£‚è õ¬èJ¡ 

«ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ «ó˜ùK¡ «ï£Œˆ «î£ŸøŠð£´èÀì¡ Þôƒ¬è «ï£ò£Oèœ ªè£‡´œ÷ ðóvðó Åö™ 

Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜Þ¬òð£‚èˆ ªî£ì˜¹.¹.¹.¹.    
 

ðƒ«èŸð£÷ó£™ / ðó£ñKŠð£÷ó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°Fðƒ«èŸð£÷ó£™ / ðó£ñKŠð£÷ó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°Fðƒ«èŸð£÷ó£™ / ðó£ñKŠð£÷ó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°Fðƒ«èŸð£÷ó£™ / ðó£ñKŠð£÷ó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°F    

 

ðƒ«èŸð£÷ó£™ / ðó£ñKŠð£÷˜ Þ‰îŠ ð°F¬ò Üõó£è«õ º¿¬ñò£èŠ Ì˜ˆFªêŒò«õ‡´‹ 

 

1. Þ‰îˆ îèõŸHóF¬ò cƒèœ õ£Cˆb˜è÷£? (îò¾ªêŒ¶ Þî¡ HóFªò£¡¬ø cƒèœ ¬õˆF¼ƒèœ)  

Ý‹ / Þ™¬ô 

2. Þ‰î ÝŒ¬õŠðŸP‚ èô‰¶¬óò£ì«õ£ Ü™ô¶ «èœMèœ «è†è«õ£ àƒèÀ‚°„ ê‰î˜Šð‹ 

ãî£õ¶ õ£Œˆîî£?          Ý‹ / Þ™¬ô 

3. â™ô£‚ «èœMèÀ‚°‹ àƒèÀ‚°ˆ F¼ŠFèóñ£ù ðF™èœ A¬ìˆîî£? Ý‹ / Þ™¬ô 

4. Þ‰î ÝŒ¬õŠðŸP «ð£Fò îèõ™è¬÷ cƒèœ ªðŸÁ‚ªè£‡®¼‚Al˜è÷£? Ý‹ / Þ™¬ô 

5. Þ‰î ÝŒM¬ùŠðŸP ò£˜ àƒèÀ‚° M÷‚A‚ÃPJ¼‚Aø£˜èœ? ………………………  

6. â‰îMî M÷‚èº‹ îóˆ «î¬õ Þ™ô£ñ™, àƒè÷¶ ñ¼ˆ¶õŠ ðó£ñKŠ¬ð»‹ ð£F‚è£ñ™ Þ‰î 

ÝŒM™ Þ¼‰¶ â‰î «õ¬÷J½‹ õ£ðv ªðÁõîŸ° àƒèÀ‚°„ ²ò£bù‹ à‡´ â¡ð¬î cƒèœ 

¹K‰¶ªè£‡®¼‚Al˜è÷£?        Ý‹ / Þ™¬ô 

7. Þ‰î ÝŒM«ô àƒè÷¶ ðƒ«èŸ¹ ªî£ì˜ð£è °Pˆî ÝŒõ£÷˜èOì‹ àœ÷¬õ àœ÷ìƒèô£è, 

àƒè÷¶ ñ¼ˆ¶õ‚ °PŠ¹‚èO¡ ð°Fèœ «õÁ ÝŒ¾ àîMò£÷˜è÷£«ô ðK«ê£F‚èŠðìô£‹. 

â™ô£Š HóˆF«òèˆ îèõ™èÀ‹ è†ì£òñ£è ÞóèCò‹ è£‚èŠð´‹. àƒè÷¶ ðF¾èÀ‚è£ù 

ªðŸø¬ì¾èÀ‚è£ù ÜÂñF¬ò Þ‰îˆ îQïð˜èÀ‚° cƒèœ õöƒ°Al˜è÷£? Ý‹ / Þ™¬ô 

8. àƒè÷¶ °¼F ñ£FKèœ «ñ™ï£´èÀ‚° ÜÂŠðŠð´õîŸ° cƒèœ Þíƒ°Al˜è÷£?    

Ý‹ / Þ™¬ô 
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9. ªðøŠð†ì °¼FJ«ô â…C»œ÷ ð°F»‹ Üî¡  DNA à‹ Þ‰î «ñŸð£˜¬õò£÷K¡ 

«ñŸð£˜¬õJ¡W› âF˜è£ô «ó˜ù˜ «ï£Œˆ«î£ŸøŠð£†´ ÝŒ¾èÀ‚ªèù„ «êIˆ¶¬õ‚èŠð´õîŸ° 

cƒèœ ÜÂñF õöƒ°Al˜è÷£?       Ý‹ / Þ™¬ô 

10. àƒè÷¶ b˜ñ£ùˆ¶‚° õ¼õîŸ° àƒèÀ‚°Š «ð£Fò «ïó Üõè£ê‹ Þ¼‰îî£? 

          Ý‹ / Þ™¬ô 

11. Þ‰î ÝŒM«ô ðƒ«èŸðîŸ° cƒèœ Þíƒ°Al˜è÷£? 

          Ý‹ / Þ™¬ô 

 

……………………………………  ………………………….. 

ðƒ«èŸð£÷˜ / ðó£ñKŠð£÷˜ ¬èªò£Šð‹    FèF 

 

 

ªðò˜ (îQˆî â¿ˆ¶‚èO™): ……………………………………………………………….. 

 

 

    

Mê£ó¬í ªêŒðõó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°FMê£ó¬í ªêŒðõó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°FMê£ó¬í ªêŒðõó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°FMê£ó¬í ªêŒðõó£™ Ì˜ˆFò£‚èŠðì«õ‡®ò ð°F    

 

Þ‰î ÝŒM¬ù ï£¡ «ñŸð®ò£ù î¡ù£˜õˆ ªî£‡ì¼‚° M÷‚AJ¼‚A«ø¡. Üõ˜ ÞF«ô 

ðƒ«èŸðîŸ°ˆ îù¶ Þí‚èˆ¬î„ ²†®‚è£†®J¼‚Aø£˜. 

 

 

…………………………………  …………………………….. 

Mê£ó¬í ªêŒðõK¡ ¬èªò£Šð‹    FèF 

 

ªðò˜ (îQˆî â¿ˆ¶‚èO™)……………………………………………………………….. 
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STUDY OF PHENOTYPIC VARIATIONS AND GENOTYPE – 

PHENOTYPE CORRELATION IN SRI LANKAN PATIENTS WITH 

THE TURNER SYNDROME PHENOTYPE 

 

Subject Study Number      

Date                                        …………/…………/…………    

Name of the Subject           ……………………………………………………………………………………………………………… 

Date of Birth                         ………… /…………/………….   

Address                                  ……………………………………………………………………………………………………………… 

                                                ………………………………………………………………………………………………………………          

Telephone Number (Home)      ………………………………                    Mobile ………………………………………….. 

E-mail                                      …………………………………………….. 

Referring Physician              …………………………………………………………………………………. 

Hospital                                  ………………………………………………………………………………….                      

Ward No                                 …………………………………………………………………………………. 

Clinic No / BHT No               …………………………………………………………………………………..         

Data Protection and Confidentiality 

After completion of this page, ensure that the subject study number is entered on all pages of this 

booklet. Then detach this page and store separately from the remainder of the booklet. 

 

 

     

   PHENOTYPIC  DATA 
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Subject Study Number                              

 

Date of entry to the study              

 

Date of Birth                                   

   

Indication for karyotype analysis                 

 

 

 

 

Ante natal history 

Ante natal USS (If available)                                                                          

Cardiac defects 

Cystic hygroma 

Horse shoe kidney 

 

Birth History 

                                                                 

    

 

                                                                                             

 

 

 

     

   _   _     

   _   _     

Birth weight  

Length  

Head Circumference  

Puffiness of the hands and feet  

Extra skin at the neck  

Cystic hygroma                                                                                              

Hip dislocation  

Other  

CLINICAL HISTORY 
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Subject Study Number                     

           

Past medical history                                                                                                          

 

 

                                                       

 

 

 

Past surgical history 

 Cardiac surgery 

Other 

Menstrual history 

 Attained Menarche                 Yes 

                                                      No 

Age of menarche            

 Cycles                                    regular      

                                              Irregular          

 

     

Frequent middle ear  Infections  

Frequent UTI  

Impaired vision  

Increased bone fractures  

Diabetes Mellitus  

Hypothyroidism  

Gastrointestinal disorders  
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Subject Study Number                    

Gynaecological history 

Secondary amenorrhoea 

Subfertility 

Obstetric history 

Parity 

Assisted 

Spontaneous 

Family history and pedigree 

(Indicating family history of short stature, primary amenorrhoea, secondary amenorrhoea, 

subfertility) 

Consanguinity Yes/No 

 

I 

 

II 

 

III 

 

IV 

 

V 
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Subject study number                

 

    

Additional pedigree information 

Location in 

pedigree 
Clinical or other information 

  

  

  

  

  

  

  

                                      

 

 

 

General examination 

Height/Length          cm 

Weight          Kg 

 

 

 

     

               CLINICAL EXAMINATION 



88 

 

Subject study number                  

Short  neck  

Webbed neck  

Low posterior hair line  

Low set ears  

High arched palate  

Dental crowding  

Malocclusion  

Cataract  

Ptosis  

strabismus  

Epicanthal folds  

Red-green colour blindness  

Shield shaped chest  

Widely spaced nipples  

Nails   - hypo plastic  

hyper convex  

Short fingers and toes  

Short fourth metatarsals  

Madelung deformity  

Increased carrying angle  

Multiple pigmented nevi  

Scoliosis  

Kyphosis  

Other  
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Subject study number                         

Breast and pubic hair development according to Tanner Stage (refer appendix 1) 

 Breast Development (B) 

Pubic hair development  (PH) 

                                                        

 

 

Cognitive functions 

 

 

 

Visual spatial skills 

 

 

 

Hearing 

 

 

 

     

B I  PH I  

B II  PH II  

B III  PH III  

B IV  PH IV  

B V  PH V  
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Subject study number                         

Vision 

 

 

 

Cardiovascular system 

 

 

 

Abdomen 

 

 

 

 

 

 

 

 

                                                           

     

Blood pressure-            mmHg 

Murmurs 
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Subject study number        

                 

Serum Hormone Levels 

 Normal    High     Low Not done 

Serum LH Levels     

Serum FSH Levels     

Serum Oestrogen Levels     

Serum Testosterone     

 

USS –Abdomen and pelvis 

 

 

 

    

Laparoscopy findings 

 

 

 

 

 

     

              INVESTIGATIONS                                                      

Uterus 

 

Ovaries 

 

Kidneys 

Uterus 

Ovaries 

Kidneys 



92 

 

Subject study number                                   

Blood sugar  

 Normal Low High Not done 

FBS/RBS     

 

Thyroid profile 

 Normal Low High Not done 

TSH level     

Free T3 level     

Free T4 level     

 

Antithyroid antibodies 

   

ECG 

 

 

 

Echocardiography 

 

 

 

     

Normal    Low    High Not done 

Aortic valve changes  

Aneurysm formation 

Coarctation of aorta 

Prolonged QT interval 

Sinus tachycardia 

Left bundle branch block 
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Subject study number                    

CT scan of chest 

 

                       

                                            

Karyotype (If available) 

 

 

 

          

 

 Oestrogen therapy  

Progesterone therapy 

Growth hormone therapy 

 

 

 

 

 

     

Coarctation of aorta 

             TREATMENT 

Date:……../……./………… 

Findings: 
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Subject study number                    

 

Sampling record 

 Date of collection 

 

 Label volume storage comments 

Na / Heparin 

 

 

 

   

K / EDTA     

 

Comments 

Record reasons for any missing data and any additional relevant comments. ENSURE THAT 

ANONYMITY IS PRESERVED. 

 

 

 

 

 

 

 

The booklet should be signed when ALL available data have been entered and cross checked 

with relevant data recorded elsewhere in this booklet. 

 

 

 

Signed…………………………………………….  Date…………………… 

      Investigator/Research Assistant 

     

  /   /     

 



 

Subject study number                   

Appendix 1  

Females - breast development

Tanner I  

no glandular tissue: areola 

10 and younger] 

Tanner II  

Breast bud forms, with small area of surrounding glandular tis

[10-11.5] 

Tanner III  

Breast begins to become more elevated, and extends beyond the borders of the areola, 

which continues to widen but remains in contour with surrounding breast [11.5

Tanner IV 

Increased breast size and elevation; areola and 

from the contour of the surrounding breast [13

Tanner V  

Breast reaches final adult size; areola returns to contour of the surrounding breast, with a 

projecting central papilla area. [15+]

 

 

                    

breast development 

areola follows the skin contours of the chest (prepubertal) [typically age 

forms, with small area of surrounding glandular tissue; areola begins to widen 

Breast begins to become more elevated, and extends beyond the borders of the areola, 

which continues to widen but remains in contour with surrounding breast [11.5

Increased breast size and elevation; areola and papilla  form a secondary mound projecting 

from the contour of the surrounding breast [13-15] 

Breast reaches final adult size; areola returns to contour of the surrounding breast, with a 

central papilla area. [15+] 
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follows the skin contours of the chest (prepubertal) [typically age 

sue; areola begins to widen 

Breast begins to become more elevated, and extends beyond the borders of the areola, 

which continues to widen but remains in contour with surrounding breast [11.5-13] 

form a secondary mound projecting 

Breast reaches final adult size; areola returns to contour of the surrounding breast, with a 
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Subject study number                  

Appendix 2 
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